9 771030 ШП 


www.siliconchip.com.au EE 


BUILD FOR 
THIS DRAMATIC 
ООР RECEPT 


The Stamp | and Stamp 2 are 14- and 24-pin modules, with the circuitry packed onto a small module. These modular BASIC Stamps have corresponding carrier 
boards for easy interfacing to PCs, power supply and prototyping. BASIC Stamps connect to your computers parallel or serial port for programming. After 
being programmed they can be connected directly to buttons, LEDS and other TTL-level devices, and with extra components, to non-TTL devices such as relays, 


BASIC Stamp | Revision E 


* Runs PBASIC programs with 8 ГО lines 

+ 256 bytes EEPROM (program and data) 

* 80 instructions maximum program length 

* Parallel PC interface 

* Insert into a carrier board (K 1402), connect 
with a cable and program using any IBM PC 
running DOS 

* 9V DC power required 

*4 MHZ oscillator. 


BASIC Stamp | Carrier board 


Programming and 
Customising the Basic 
Stamp Computer 


A friendly introduction to building projects with PÙA 
BASIC stamps. With 10 complete projects 
and explanations. This book is a great start 
if you have no electronic or programming skills 
CD ROM includes Stamp manuals and software = 


F 
and articles appearing in the $ 
tores NE 95 


Available trough той order, PowerHouse and selected stores 


EXCLUSIVE TO DICK SMITH ELECTRONICS 
Available in all stores | 


Vantis Mach 
4 Starter Kit 


Bring your creative ideas to life from your personal 


computer using Vantis programmable logic. 
This kit is designed as an entry-level introduction to 
programmable logic and desktop. 

in-system programming. See the article Y 
in Electronics Australia Nov'98 for an 

example of the benefits of using 

complex programmable logic devices! 

Kit includes Synario Starter software 

Rev 20, MACHPRO software, cable, 

programming board, manual, two 

MACHA devices and requires Win 95 

ог NT and SV power supply. 


BASIC Stamp | Revision D 
Same features as Rev E, but is a complete PC board 
with proterype area and 9V DC battery cip. $ O 


Parallel port interface for Stamp | $1995 


BASIC Stamp 2 


* Features 16 1/0 lines 

* 2048 bytes EEPROM (program and data) 

* 500 instructions maximum program length 

* Insert into a carrier board (К 1404), connect Ж 00 
with a cable and program using any IBM PC ТРИ 
running DOS 

* Serial PC interface 

* 9V DC power required 

* 20Mhz oscillator 


NEW 92 46, 


Š A 
INTRODUCTORY $ * 
LOW PRICE! 


“Available all stores 


DICKE- SMITH 


That's where you go! 


BASIC Stamp 
Development kit 


* Includes Stamps | and 2 manuals, cables for 
Stamps | and 2 programming and software 
to get you started 

* Certificate for 3 months free technical support 


BASIC Stamp jumper connectors $995 | $ {49 
Š саде through 


PHONE: 1300 366 644 (Local Call Charge) FA 
MAIL: — DICK SMITH ELECTRONICS, Di 
РО Box 321. North Ryde NSW 1670 те 
Please add postage (up to Skg) to your order, as follows: 
* $400 ($1 Up To $500) * $11.00 ( 


(quote avaiable k vires only) 
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PUBLISHER'S LETTER 


Making do with old 
computers 


This month we feature an article on making 
use of a standard computer power supply. 
There is a dearth of information on this sub- 
ject and circuits for these power supplies are 
about as rare as copper oxide rectifiers, so all 
the information in the article has been gleaned 
from physical examination of a range of these 
supplies. As this stage though, we know next 
to nothing about their over-voltage and over- 
current protection and a host of other details. 


So having produced the power supply article this month, we would have 
liked to take the subject much further and at some stage in the future we 
hope to do so, as we obtain more detailed information. For example, 
wouldn't it be a great idea if we could turn a standard 250W or 300W power 
supply into something really useful — like having it power a big audio 
amplifier. 

Such a modification would not be simple though. The transformer would 
have to be rewound and we're not sure how much trouble that would 
involve since we understand that some of these transformers are wound 
with Litz wire (multi-strand wire with each strand separately insulated). 
The fast recovery rectifiers and filter components would also have to be 
upgraded but the end result would be very compact and efficient. 


Such a 300W switchmode power supply would cost only a fraction of a 
conventional power supply with its large power transformer and expensive 
electrolytic filter capacitors. And it would have the advantage of an inbuilt 
fan to possibly provide cooling for the amplifier as well. If you happen to 
have done this sort of conversion, we'd like to hear from you. 


There must be a lot of other opportunities to make use of existing 
consumer electronics technology which might otherwise go to the tip. Some 
examples might be as simple using a defunct VCR as a TV tuner, using a dot 
matrix printer as a scanner or maybe using a VCR as a 7-day programmable 
timer/controller. How about uses for a defunct microwave oven? There’s all 
that hardware and a big (dangerous) power supply; it must have some use 
when the magnetron or other key component fails. Again, maybe it could be 
used as fancy timer. 


What about some wilder suggestions? Could the transport mechanism of 
a defunct CD player or CD-ROM drive be used as a slow motion drive for a 
working model on a model railway layout? Consider that there are several 
drive systems employed here, for the drawer, for laser tracking and for 
focusing. Could the turntable drive in a microwave oven be put to a similar 
use? It's amazing just how many motors and drive systems are employed in 
modern consumer gear — how can they be used when the appliance fails? 


Why not tell us your ideas for using defunct consumer appliances? 
Perhaps we can publish a few articles along these lines and thereby do our 
bit to slow the waste of good resources. 


Leo Simpson 
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Hi- Scan Bar Code Readers 
High resolution CCD bar- 
code scanners which feature 
multi-interface communica- 
tion with RS-232C, Wand & 
Keyboard Emulation in one 
Unit. Simply release the RJ-45 jack to change cables! 
Offering optical performance with a minium resolution 
of 0.125 mm & maximum reading distance of 20 mm it 
is possible to read high-density, laminated & acrylic- 
covered bar codes. 
Cal. No. 8458 Hi Scan Bar Code Reader KB Wedge $599 
Also available, Long Range scanners which read out to 
a distance of 100mm. Almost laser performance! 
Cat. No. 8489 CCD Bar Code Scanner Long Range KB $469 
Cat. No. 8675 CCD Bar Code Scanner Long Range Stand $79 
As well as our standard range. 
Cal. №о 8196 CCD Bar Code Scanner KB Wedge 80mm $359 


CD ROM IDE ISA Controller Card 

Don't slow down your hard 

drive access speed! Put your 

CD ROM on a separate con- 

troller. This card will allow 

you to simply add a CD ROM drive. Address 1F0/170 

and IRQ's 14,15 with primary or secondary select. 

Cat. No. 6385 CD ROM IDE ISA Controller Card 

Also available, an 8 EIDE Device Card 

Cat, No. 2320. ІВА Quad Channel EIDE Card 

External CD-ROM Drive - Parallel Port 
An external IDE Bus CD 
ROM 24x speed drive & case 
which connects to any 
parallel port, It includes built- 
in power supply, pass- 
through printer port & MS- 

DOS/Windows 3.1x, Win 95 & 05/2 Warp drivers. 

Achieve data transfer rates up to 960 KB/sec with an 

EPP (Enhanced Parallel Port), It can be connected to 

LPT1, 2 or 3 & has external audio connectors. Daisy 

Chain up to 2 drives plus printer. 

Cat. No, 6444 СО ROM Parallel Port 24x Speed & Case $359 

‘Cat. No, 6319 Ext. Case for Parallel Port CD-ROM Drive $209 

10/100 Mbps 16 Port Ethemet Hub 

Each individual port 

on these dual-speed 

hubs provide 

10/100Mbps auto- 

Negotiation function which automatically senses and 

selects the optimum speed of 10Mbps or 100Mbps. 


Cat. No.11298 Dual-Speed Fast Ethernet Hub 16 Port $1249 


$33 


$199 


Web-Based Training from $9.95 per month* 


New courses now available! Including Windows 98, 


А number of courses are “Microsoft 


Quicken 98, Lotus Notes, Interet Tools (Netscape) Certified Professional - pere ee 


‘and more courses on TCP / IP. 
*Full details at www.tol.com.au 


Universal Numeric Keypads 
Simply connect via keyboard or 
serial port. Features include: 
* Compact size and easy 
installation 
* Ideal for either left handed ог 
right handed operation 
* Specialized & user defined function keys 
Keyboard Connection 
Cat. No. 8319 22 Key (18 Key + 4 Fn Key) 
Cat. No. 8169 31 Key 
Cat. No. 8353 
Serial Connection 
Cat. No. 8095 
Cat. No. 8107 
Also available a 26 key calculator keypad with LCD. 
display and an 18 key Keypad keyboard wedge model. 
Cat. No. 8486 $155 
Cat. No. 8487 $139 
VGA to Video Converter 
High quality at an affordable 
Price, this external unit does not 
software drivers & 
‘supports up to 1024 x 768 with 
true colour for both PAL & NTSC systems. Connect to 
IBM, Macintosh or NEC computers. The output can 
be viewed on a monitor & TV simultaneously. 
Connections are composite video, S-VHS & Analog 
RGB (15kHz). The TV display can be frozen while the 
presenter prepares the next screen. 
Cat. No. 3102 VGA to Video Converter - External 
PCI Plug & Play Printer / Serial Cards 
Available in either 1, or 2 port versions, these PCI bus 
PnP bi-directional parallel ports have an 83 byte FIFO 
buffer and are able to replace faulty motherboard 
printer ports as LPT 1/2. Support is provided for DOS, 
Win 95 & NT. 
Also available, single, dual, 4 & 8 port PCI PnP serial 
cards. 


$498 


Cat. No. 2618 
Cat. No. 2619 
Cat. No. 2616 
Cat. No. 2617 
Cat. No. 2656 
Cat. No. 2657 


1 Port Printer PCI PnP $159 
2 Port Printer PCI PrP 5179 
1 Port RS232 16550 PnP PCI $185 
2 Port RS232 16550 PnP PCI $199 
4 Port RS232 16550 PnP PCI $425 
8 Port RS232 16550 PnP PCI $699. 


r online 


Phone: (02) 4389 8444 


Dealer Enquiries 
Welcome. 


sales@mgram.com.au 
Australia-Wide Express Courier (To 3kg) $10 
We welcome Bankcard Mastercard VISA Amex 


тзг Consists of a 5.25" mounting rack & а 


info@mgram.com.au 
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Multi-PC Controller Two Way PS/2 

А new low-cost manual two way switch box which 
allows one keyboard, monitor & mouse to control 2 
PCs. Complete with two 3m cable sets to connect 
between the computers & switch box. Keyboard & 
mouse emulation is provided for booting under 
Win95/98 and WinNT. 


Cat. No. 11644 Multi-PC Controller Two Way PS/2 — $465. 
removable tray for 3.5” hard drives, A 
keylock prevents inadvertent or unau- 


Removable Hard Drive Kits 
thorised removal, а ieee 


* securing confidential data in a safe overnight 


* providing off-site backups 
* easy interchange of OS (eg DOS to Windows NT) 
by simply replacing drives. 
Са. No. 6049 IDE Kt 
Cat. No. 6048. ‘SCSI Kit 
Cal. No. 6200/6224 IDE Tray Frame Only 
Cat. No. 6201 16225. BCSI Try Frane Ory 
Cat. No. 6327 ‘SCSI Fast 
Year 2000 BIOS Card 
Even Pentium motherboards are not 
immune to the Year 2000 bug! The 
SS Year 2000 BIOS Card solves the 
problem of progression from 1999 to 
2000 as well as 21st century leap years. It is an 8-bit 
card which provides year 2000 support for mother- 
boards with a BIOS which only stores the year with two 
digits. 1е. 97 instead of 1997. 
Cat. 3359 ‘Year 2000 BIOS Card $129 
Blood Pressure Monitoring System 
DynaPulse is a clinical accuracy blood 
pressure and pulse monitoring device 
that connects to your computer via a 
serial port. It displays the actual blood 
pressure waveform on screen as a 
visual confirmation of measurement accuracy. More 
importantly, systolic, diastolic, & mean arterial pres- 
sures are actually measured rather than calculated. 
The home version maintains data for up to six people. 
Са! No. 16000 Blood Pressure Monitoring System $399 
E&OE  Alipicesindudesalestax MICROGRAM 1298 
Fax: (02) 4389 8388 


Web site: 


www.mgram.com.au 


Unit 1, 14 Bon Mace Close, Berkeley Vale NSW 2261 


FreeFax 1 800 625 777 


Vamtest Pty Lid trading as MicroGram Computers ACN 003 062 100 


FreeFax 1 800 625 777 


Hifi Review 


Harman Kardon Signature Series 


Harman Kardon is a name long associated with 
high fidelity sound reproduction and they’re 
still going strong with the release of their 
Signature Series — a 200 watt per channel power 
amplifier and a Dolby Surround Processor/ 
Tuner. We recently had a chance to have a close 
look at both of these products. 


Actually there are three products in 
the Signature Series range, the two 
already mentioned and a 5-channel 
Surround Sound amplifier. While the 
two power amplifiers are fairly con- 
ventional, the Signature Series 2.0 
Dolby Digital Surround Processor/ 
Tuner is quite different in that it packs 
all sorts of features into a case which 
has few external controls. In fact, it 
has just nine pushbuttons and a large 
knob as its control complement. The 
real control complexity is “hidden” 
and only becomes evident as you use 
the remote control and the menu sys- 
tem on the front panel display. 

The remote control has quite a good 
layout of buttons, 61 in all, which are 
easy to read —an important point. The 
labelling on some remotes is very dif- 
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ficult to read, especially in subdued 
light and you wonder if the designers 
have ever used them in a typical home 
situation. 

One feature that we particularly 
liked was the "sending" LED which 
flashes whenever you push a button. 
It is amazing how often a TV set or 
other appliance will not respond to a 
remote command and you immedi- 
ately wonder whether the set is at 
fault or the remote. With this Harman 
Kardon remote, at least you know that 
it is "sending" the command. 

Since this Processor/Tuner is de- 
signed to be the heart of a Surround 
Sound system, its remote handset 
should ideally control the TV set or 
video projector and the VCR or DVD 
player, as well as any other sources 


such as CD player and tape decks. For 
this reason, the remote control is a 
"learning" type and so it can learn all 
the other remote control functions. 
This is good because if you do have a 
full Surround Sound system, you don't 
want to be juggling three or four re- 
mote controls. 

While the front panel of the Proces- 
sor/Tuner is sparse, the rear panel is 
crammed with lots of input and out- 
put sockets to handle audio and video 
signals from a wide range of sources. 
Six pairs of audio analog (line level) 
sources, such as CD players and tape 
decks, can be selected and these can 
be paired with three composite video 
inputs or two S-video inputs. This 
means that sources such as hifi VCRs, 
DVD and laserdisc players can be fully 
controlled. 

Up to six separate digital program 
sources may be connected, via four 
coax and two optical data inputs. As 
well, you can connect the six Sur- 
round Sound decoded outputs from 
another source (should you be so well- 
heeled) so that you have centralised 
control of everything via the remote 
handset. There are also two pairs of 
outputs for connection to tape decks 
and six outputs for surround sound; 


The apparent simplicity of the Harman Kardon Signature Series 2.0 Processor/ 
Tuner belies the complexity of its features. This is reinforced by the array of 
input and output sockets on its rear panel. 


ie, left & right front, centre, rear left & 
right and subwoofer. 

Mind you, there is one input omis- 
sion which may or may not be a draw- 
back, depending on the program 
sources you normally use. If you like 
listening to vinyl records, you will 
need an external preamplifier for the 
magnetic cartridge signals. 

As well as all the audio inputs and 
outputs, there are antenna connec: 
tions for AM and FM stereo tuners, an 
RS-232 socket and soc for IR re- 
mote and trigger control signals. 

As you can imagine, when the ma- 
of these inputs and outputs are 
‚ the result is a mass of cabling 
but the real complexity lies in the 
circuitry inside the Processor/Tuner. 
Not only does it provide Dolby Digital 
(AC-3) and Dolby Pro Logic process- 
ing and digital to analog decoding of 
purely digital sources, it also makes 
use of the RDS data system in 
use in Europe although this is 
of no use in Australia. 

Naturally, in line with other 
Dolby Pro Logic decoders, the 
Harman Kardon provides a 
full range of theatre sound 
modes (four), music modes 
(also four), plus stereo, mono 
and mono plus. The latter is a 
mono mode for Dolby Digital. 
We don't know why you'd 


The Harman Kardon Signature Series 


1.5 stereo amplifier is well finished, with 
an absolute minimum of ornamentation. 


want it, but there it is. When using a 
Dolby Digital source, there is even a 
“late night” mode which while main- 
taining full signal bandwidth, reduces 
the peak audio levels to one quarter or 
one third of normal. 

We interpret this as a reduction in 
peak levels of 10 to 12dB, a significant 
decre Harman Kardon refer to this 
as the “good neighbour” since it mutes 
loud audio transients such as explo- 
sions or musical crescendos. 

Just to show how complex the Proc- 
essor/Tuner is, the owner's instruc- 
tion manual has no less than 65 pages 
(all English). This impression of com- 
plexity is reinforced when the top 
cover of the case is removed, reveal- 
inga myriad of integrated circuits and 
1.51 dotted over a number of large PC 
boards. Even the power supply is quite 
complex, employing two E-I trans- 


The remote control has lots of buttons 
but is fairly self-explanatory in use. 
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ТОР: inside the Harman Kardon amplifier, showing the large toroidal power - 
transformer and the heatsink fabricated from sheet aluminium. The rear panel 


view is shown above. 


formers with copper straps around 
them to reduce hum radiation. 


Stereo power amplifier 


By contrast with the Processor/ 
Tuner unit, the Signature Series 1.5 
power amplifier is simplicity itself. 
But it is large, and heavy. It measures 
438 х 191 x 387mm and weighs 21.4kg. 
Apart from the on/off switch and a 
power indicator, the front panel is 
devoid ofany ornamentation. The back 
panel is pretty sparse too, with just 
two pairs of loudspeaker terminals, 
two RCA input sockets and a socket 
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for a trigger control, referred to ear- 
lier. There is also a small slide switch 
to provide bridged operation of both 
channels. 

Sparse it may be, but this is an 
impressive unit, especially when you 
remove the top cover. This reveals a 
large toroidal transformer mounted 
vertically against the front panel. This 
may seem unconventional but as we 
found with our own 100W/channel 
amplifier published in February 1988, 
this arrangement gives minimum hum 
pickup in the two audio channels. 

As far as we can tell, the power 


transformer has separate centre- 
tapped secondary windings to effec- 
tively provide two completely sepa- 
rate power supplies to feed the two 
power amplifiers. This arrangement 
maximises channel separation al- 
though it does mean that more com- 
ponents are required; ie, an additional 
bridge rectifier and filter capacitors. 

The power amplifier circuitry itself 
is largely hidden from view by the 
very large heatsink which occupies 
most of the chassis. The heatsink is 
interesting because it is not the usual 
large aluminium extrusion but has 
been fabricated from sheet aluminium. 
The chassis and top cover have been 
well and truly perforated to provide 
plenty of ventilation for the heatsink, 
so that no fan is necessary. 

As far as we can tell, the Harman 
Kardon power amplifier employs bi- 
polar transistors throughout and has 
separate relay muting for each chan- 
nel. 

As well as the main power trans- 
former, there is a separate smaller 
transformer and power supply board 
and this evidently provides the 
standby function, so that the power 
amplifier itself can be switched on 
and off by a trigger signal of between 
6V and 12V from the Processor/Tuner 
unit. 

The Harman Kardon amplifier is 
rated at 200 watts per channel into 80 
loads and 325 watts per channel into 
4Q, for arated harmonic distortion of 
less than .03%. In bridged mode, it 
will deliver 650 watts into an 8Q load, 
again for a rated distortion of less than 
03%. 

While being delightfully vague 
about circuit configurations (ie, they 
tell you nothing), Harman Kardon 
emphasise that they only use a mini- 
mum of negative feedback to achieve 
their amplifier performance. The im- 
plication is that lots of negative feed- 
back is somehow “bad” and the less 
feedback, the more merit in the de- 
sign. They state that the negative feed- 
back in the amplifier is less than 25dB. 

Naturally, we don't agree with this 
approach. If using lots of negative feed- 
back achieves high performance, then 
it is all to the good, as far as we are 
concerned. Harman Kardon's figure 
of 25dB probably applies to the over- 
all negative feedback from output to 
input but in our experience, any am- 
plifier design which performs well 
and uses little overall negative feed- 


and surface mount devices. 


back actually uses lots of local nega- 
tive feedback around each stage. Of- 
ten this feedback may take the form of 
emitter degeneration or lag compen- 
sation but it is feedback nonetheless. 

So while we would not criticise an 
amplifier with low overall negative 
feedback just because the designer 
took that approach, we do think it is 
doing it the hard way. 


AUDIO PRECISION SCTHD-W THD+N(*%) vs measured LEVEL(W) 


The interior of the Processor/Tuner is complex indeed, with lots of ICs, LSI chips 


The other notable feature of the 


Harman Kardon amplifier is its very 
high output current capability and this 
amplifier is rated at 130A. Again, 
while we don't think high current c 
pability is bad, we cannot see why 
any amplifier of this power rating 
could ever need to deliver a peak cur- 
rent in excess of 125 amps. 

To explain further, a power ampli- 
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harmonic distortion versus power into 8Q loads, with both channels 


driven. Distortion is well below the rating of .03%. 


SPEAKER 
DRIVERS & 
PARTS 


DyNAUDIO, PEERLESS, 
Scan-SPEAK & VIFA DRIVERS 
FROM DENMARK 
*SOLEN AND BENNIC CAPACITORS 
FLARED BASS REFLEX PORTS 
TERMINALS INDUCTORS 
*DEFLEX DAMPING PRODUCTS 


Australia’s largest seller of quality 

Danish hi-fi speakers drivers, For free 
information on all our speaker drivers 
and parts, call Scan Audio or send $15 
for new catalogue with complete data 
sheets on 93 different speaker drivers, 


ЕЕЕ 
Price includes air mail ҳӯ 


postage anywhere in 
Australia or NZ. 

PO Box 242 Hawthorn Victoria 3122 
[Tel (03)9429 2199 Fax (03)9429 9309| 


ELECTRONIC 
COMPONENTS & 
ACCESSORIES 


RESELLER FOR MAJOR KIT 
RETAILERS 


PROTOTYPING EQUIPMENT 


CB RADIO SALES AND 
ACCESSORIES 


FULL ON-SITE SERVICE AND 
REPAIR FACILITIES 


LARGE RANGE OF 
ELECTRONIC DISPOSALS 
(COME IN AND BROWSE) 


Croydon 

Ph (03) 9723 3860 
Fax (03) 9725 9443 
Mildura 

Ph (03) 5023 8138 
Fax (03) 5023 8511 


Tuscoth'4 
ELECTRONIC WORLD Pty Ltd 


30 Lacey St 
Croydon Vic 3136 


24 Langtree Ave 
© Mildura Vic 3500 


DECEMBER 1998 


7 


AUDIO PRECISION SCTHD-W THD=N(%) vs measured LEVEL(W) 21 AUG 98 13:56:00 
10 
== Ap] 
i i LEEEEH i i 
| | ЕЕ | TT 
| F1 
3 WEE р 51, || | 
КЕШЕ ERE = 
EELEE} L--EH | xS 
| ЕЕ | Í (ea 
| ШЕЕ r^ 
On E Li | | | 
-| ] 
| IB) 
0.010 - | | 
is E 
| | 
[ | | [edt 
0,001 j- 4 38 E el 
005 ЕЕЕН+ aaa - z = =| 
105 1 10 100 500 


is more than 360W. 


Fig.2: harmonic distortion versus power into 4O loads, with both channels 
driven. Distortion is still well below the rating of .03% while maximum power 
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Fig.3: harmonic distortion versus power into an 80 load in bridge configuration. 
Maximum power before clipping is over 700W. 


fier rated to deliver 200 watts into an 
8Q load will have a peak output volt- 
age of +56.6V. In order for it to deliver 
125 amps, the load impedance would 
have to drop to below 0.450 or 450 
milliohms. 

Now we know that some loudspeak- 
ers have very nasty dips in their im- 
pedance curves but we have never 
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come across one that dipped below 
10. And any loudspeaker with such a 
dip in impedance would have to be 
regarded as a bad design anyway, not 
worthy of being connected to high 
quality equipment such as this. 


Test results 
Testing this elaborate equipment 


was neither simple nor quick as there 
were so many functions to look at. In 
the end, we had to be realistic and be 
content to test only a few functions of 
the Processor/Tuner while being much 
more comprehensive in testing the 
stereo power amplifier. 

In short, we were able to confirm all 
the specifications of the Processor/ 
Tuner that we actually tested and can 
state that it is fairly conservative in its 
ratings. Total harmonic distortion is 
quoted as less than .03% from 20Hz to 
20kHz and it easily meets that as it 
does for its frequency response rating 
of 20Hz to 50kHz within x0.5dB. 

For the Harman Kardon power am- 
plifier, we easily confirmed the power 
ratings, as the accompanying power/ 
distortion curves demonstrate. Har- 
monic distortion was typically below 
:01% which is considerably below the 
rated figure of .03%. 

The power amplifier is very quiet 
as well, delivering a figure of -116dB 
(unweighted) with respect to 200W 
and -120dB A-weighted. Its frequency 
response is very wide and is only 2dB 
down at 200kHz. 

Listening tests confirm that this is 
fine equipment indeed but where it 
really performs is on music that "begs 
to have the wick turned up" such as 
full symphony orchestral perform- 
ances and on pipe organ. This reviewer 
is a fan of Wurlitzer theatre organs 
and when playing this material, the 
Harman Kardon amplifier is simply 
awesome. Mind you, you do need 
speakers to handle the power and a 
large listening room to really enjoy it. 

Overall, we were very impressed 
with the Harman Kardon Signature 
Series equipment. The stereo power 
amplifier is beautifully engineered and 
has bags of output power while the 
Processor/Tuner is a technical tour- 
de-force, with more than enough fa- 
cilities to satisfy the requirements of 
the most comprehensive home thea- 
tre sound system. 

Recommended retail prices are as 
follows: Signature Series 2.0 Proces- 
sor/Tuner $4395; S/Series 1.5 stereo 
amplifier $2895 and S/Series 2.1 5- 
channel power amplifier $2995. 

For further information on the 
Harman Kardon Signature Series prod- 
ucts, contact the Australian distribu- 
tors: Convoy International Pty Ltd, 
Unit 7, Discovery Cove, 1801 Botany 
Road, Botany NSW 2019. Phone (02) 
9700 0111. sc 
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Technology disposal 
to cry about 

T'd like to make some observations 
and comments regarding your edito- 
rialinthe September 1998 issue. First, 
as an amateur constructor, designer 
and would be trainee electronics tech, 
your notes hit the mark perfectly. I 
regularly scour the tips in this area 
looking for items of “junque” that may 
be either recycled, repaired or experi- 
mented upon. You would be flabber- 
gasted at the treasures that surface at 
more than regular intervals. However, 
nothing can be got for free these days 
so a token payment to the salvager 
who owns the rights to the tips I scour 
sees me get away with some awesome 
bargains. 

For example, the desk at which I’m 
sitting ($20) is fully electronically 
height adjustable, weighs 160kg and 
cost me less than 5 cents to repair (a 
roll pin). It cost $2000 new! The 15- 
inch SVGA monitor ($3) I'm looking 
at cost the price of 25mm of 0.8mm 
solder to refix the data input plug to 
the main board, courtesy of the 
Queensland Education Department. 
The 586/100 ($6) that's doing the 
number crunching cost $100 fora used 
210Mb HDD, courtesy of an unnamed 
national company. I’ve since added a 
32X CD-ROM, 1.2Mb 5.25-inch floppy, 
sound card, more RAM (from 12Mb to 
16Mb), PCI video card and a BJC255SP 
printer, all new at retail prices. 

Oh! I almost forgot the gas strut 
office chair ($5) repaired with a 20- 
second burst of the MIG welder. How's 
that? 

What I've just described has taken 
me some two years to complete and 
doesn't happen every day. Every other 
day sees 386, 286 and XT computers, 
monitors from mono to SVGA, wash- 
ing machines, stereo components 
(wow, that's another story!), lawn 
mowers, whipper snippers, lashings 
of various parts, reusable timber, glass 
panes, light fittings, heavy timber 
doors, telephones, hand and electric 
tools and small stationary engines 
(some brand new!) added to the list. 
I'm not kidding! 

Now for the frightening part. How 
about computers that have become 
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superfluous to company needs for 
whatever reason(s) that still have 
(working) hard drives installed, from 
financial institutions, accountants, 
hospitals, homeowners, etc. I’m not 
kidding! How do I know? The hard 
drives are still full! I wipe ‘em and 
sell ‘em but the information on some 
of them would make your eyes pop! 

What can one do with such “an- 
cient technology”? This is not my idea 
but I thought it was a beauty. I discov- 
ered a book by R. A. Penfold (Babani 
Electronics Books BP272) entitled “In- 
terfacing PCs and Compatibles” that 
describes in detail the use of 74LS138 
decoders and 82 (C)55 PPI (Program- 
mable Peripheral Interface) to inter- 
face computers with external I/O for 
use with relays and data-logging cir- 
cuits using BASIC programming. My 
specific use for this is a watering sys- 
tem for my yard, presently switching 
24 taps at programmed intervals to 
water my 6-acre yard. 

Another good point is the use of my 
586 to do the programming and com- 
piling to an EXE file This is then cop- 
ied to a boot disk and fired up using 
the autoexec.bat file right after the 
computer boots. Once the bugs are 
ironed out, the 286 I use for the inter- 
facing can use a floppy to boot up - no 
hard drive or monitor is needed, justa 
keyboard and video card. 

S. Clavan, 

Black River, Qld 4818. 


Old PCs needed 
for schools 

Iwrite with regard to your editorial 
in the September 1998 issue of SILI- 
CON CHIP. Yes, there is a need and use 
for 386/486 vintage computers. I am 
an electronics, systems technology, 
robotics teacher (secondary) who 
could use such machines. My primary 
use would be to run the many pro- 
grams that work quite happily with 
Windows3.1— programs such as LEGO 
Control Lab, PC Logo, Intellecta and 
the Softmark interface project from 
the last issue of SILICON CHIP, to men- 
tion but a few. 

My secondary uses would be to 
teach computer repair and upgrade 
skills to students. I believe some local 


schools are already into this activity. 

To emphasise the need, this year 
my school received a donation of 4 x 
486 computers, without monitors, 
mice or keyboards from Alcoa. Set- 
ting up the computers with monitors, 
etc, broke our budget and we may be 
able to find enough money with P & C 
help next year to provide software 
and site licences. 

I am at a reasonably well-off sec- 
ondary school in Perth but there are 
many other schools not so well off, 
especially the smaller primary schools 
(and country schools) who could also 
put such computers into productive 
classroom activities. 

To your readers, if you have such 
computers to give away, please con- 
tact your local schools. 

M. Callaghan, 

Maddington, WA. 


Old computers 
are not useless 

I found your editorial on old PCs 
very thought provoking, to the point 
that Lam tempted to put pen to paper 
— electronically speaking, that is. 

In my semi-retirement I have made 
up many inexpensive computers from 
leftover parts for friends and those 
who cannot afford the latest technol- 
ogy (ie, $50 286s) with which they 
can accomplish almost anything apart 
from playing fast RAM-hungry games 
and perhaps running some ofthe high- 
end business graphics. 

Iam amazed that the Education De- 
partments have seen fit to issue 
Pentiums to our schools when those 
in the USA are quite content to utilise 
other departments' outdated models, 
which in this country are virtually 
given away to stunned bidders at lo- 
cal auctions! Is Australia really so 
affluent; can we actually afford it? 

Thus, in answer to your editorial, I 
do not find those unloved machines 
useless — they are indeed a most use- 
ful tool and teaching aid. Dare I sug- 
gest that the educators of this country 
think again before squandering huge 
sums on machines that really are not 
necessary in the circumstances? 

J. Harding, 

Lauderdale, Tas. 
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FULL FEATURED 
TOOMHz OSCILLOSCOPE 


* Dual trace * 100MHz bandwidth * 3.5ns vertical rise time * Variable delay timebase 

* ImV/division sensitivity * Operating modes - Chl, Ch2, Dual Alt, Dual chop. 
Add/Subtract Selectable trigger sources:- Ch}, Ch2, Add, External and Mains Sync 

* 3.5ns vertical rise time • Sync filtering for stable display of TV signals + High brightness 


mesh CRT with internal graticule $ | 795 


High intensity flashing LEDs 
5mm 3-15У bright flashing LEDs 


Cat no. 


Price 


NEW 
$1.65 $165... 


$1.65 


Emitted colour 
Red 280mcd 
Green 69med 


Aerial ferrite rod - 
010 $995 


Infrared 

subsystem 4 
sensor with lens 

Filters ambient light. 


$595 


Special 2A fused 
lighter plug 
961 S 


295 


Power MOSFET 
600V 


51095 


4-way mini DIN 


т 2 CAN panel socket 
— 


cs OY 
4-metre car 


lighter алй OT 2A 
extension DIN line plug 
lead For S-VHS, camcorders 
d peripher: 
Рез $1695 AN and peripherals. & 
шт мы SEO 


MADE IN JAPAN moema 5395 ZANEN 
Travel adaptor - 3-pack 


Converts Australian 

mains plug to fit USA, Pr- ч 
Britain and European- = 
style. Does not b "Ned 
convert voltage. 

sjgos ~“ ves 
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Plastic siren cover — — 
polypropylene. 
Tamper switch 
(L 5286) can be 


Made from high- 
density UV-proof pm 
52395 E 


MITH 


That's where you go! 


Where do you go for 
new electronics ideas ? 


6-way 
Allpathpower board 


6-way outlet surge power board, Effective 
protection against lightning strikes. 


TES $129 | 
PANAMAX. wen: 


FIRST ALERT TO 
CHILD SAFETY 
Power outlet plugs wor 
Designed to 'childproof' all the outlets 


in your home in minutes. Prevent dangerous electrical 
accidents with these True Fit plugs. Pack of 12. 


Appliance Lock 
Designed to keep appliance doors safely locked. Ideal for. 
ovens, microwaves, fridges and freezers. Double lock is 


hard for little hands 
$350 


e 
VCR lock \ 


Fits securely in any VCR, preventing accidents and 
equipment damage. Snaps tightly in place in seconds, 
difficul for children 


to remove. 


Cabinet latches 
Hezvy duty, unique double action lock providing 
ity. Most effective in keeping dangerous 
‘off limits’ to children. Pack of 4. 


Where do you go for great 


new kits this Christmas ? 


DIC 


MITH 


Shielded resistance box © Thermocouple adaptor © 


* Covers 3 decades, from IkOhm to 777kOhm 
* Shielded to prevent hum and RF interference 
* Utllises BNC sockets at each end 
* Can be built in hours - no PCB required 
* Includes all components, case 

and front panel label 


Shorted turns tester Q 

* Tester for line-output or ‘flyback’ transformers 
and HF wound components 

* Aids in the servicing of TV 
receivers, video 
monitors and computer 
power supplies 

* Identifies horizontal output 
stage faults 

* Includes all components, 
PCB, case, pre-punched and 
screened front panel 


EXCIUSVETO Dick SH aecmoncs 


$4495 ©) м» 


Motorcycle intercom © 
* 2-way communication 
* Full duplex operation. 
* Single volume control for both channels. 
* Uses 4 x AA batteries or power 
directly from motorcycle 
* Includes all components hardware, 
PCB, deluxe case and 
pre-punched screened — 


AREA Шы ` 
$3095 Z) 
39 e do 


Availability: Our kis consist of many different pars from numerous suppliers. While we have 
ofthe parts, This means there is a slight chance that availability may be delayed. Rainchecks are avai 


* Can be used with any digital multimeter 

* Temperature range governed by probe characteristics 

* Range of probe supplied: -4°C to 250°C 

* Connects to your digital multimeter via flying leads 
and banana sockets 

* Operates on | x АА, 1.5V DC and | x 9V DC battery 


* Comes with case, front 27 E F Dec'98 


panel label, battery 


me WENA 
$3995 


Actual product may differ 
from image shown 


Christmas tree kit ? 
The Christmas spirit comes alive with this 
amazing glowing Christmas tree. Red flashing 
LEDs add the finishing touch to any — 
Christmas decoration. Power supply: E. 
9V DC battery (not supplied). 2 e 


Soundcard pre-amp? 

* Convert your soundcard into an 
oscilloscope ог waveform generator 

* Take full advantage of your soundcard's 
input capabilities for making measurements 

* Includes software to get you started! 

* With all components, hardware, PCB, case, 
pre-ponched and screened 
front panel 


Engine immobiliser Mk II O 


* Circuit stalls engine when activated 

* Connects directly to ignition system 

* Kit can be assembled and used independently 

* Can also be interfaced with control module 
(keypad) to be released shortly 

* Power supply: 12V DC 

* Includes all components, case and PCB 


$3995 


Signal-triggered 0 OIM 
mains switch 


* Turns on your entire home entertainment 
setup/hi-fi system with just one switch! 

* Activate any piece of gear that needs 
to be on when audio signals are present. 

* With extra safety features 

* Comes with all components, 
hardware, PCB, case, 
pre-punched and 
screened 
front panel 


s495 On Oct 98 


Wah-Wah guitar kit? 


* Popular guitar effect is controlled by 
а foot pedal (not included) 

* Resulting sound produces suddenly 
increasing/decreasing volume 

* Includes PCB stakes, PCB, components 
and РСВ mounted 6.75mm sockets, 


their ability to supply. sometimes problems can arise in obtaining all 


MITH 


That's where you go! 


beforehand, please dont hesitate to contact your local store. 


DIC 


DIC MITH Where do you go for great deals 


on bits, tools and accessories? 


32pc security bit set 101рс bit set Micro-precision plier set 

For use with equipment with Includes a hard plastic carry case, Spring-loaded micro pliers/nippers with fully insulated 

security screws. Includes driver handle and magnetised bit andles. Quality stainless steel 

Torx, holder. Features flat blade, Phillips, {| construction. Includes 90mm. \ L 

security Hex, square, security Torx, Tri-wing, cutting nippers, 100mm flat 4 

Tri-wing, Hex and & nose, 100mm round nose, А 
100mm bent nose and 


spanner pin drive bits. 
100mm long nose pliers, 9 2 


spanner, torque bits 
In a soft plastic case. 


"=" $3680 
"$1655 36 


16-piece servicing tool kit Aluminium Keychain ImW laser pointer 

No computer enthusiast should be. frame tool case Clip this pointer to a belt or keep 

without one. Tough, durable tools in a it in your pocket! ImW laser 

‘compact zippered case, Includes IC pointer in tough metal 

extractor, inserter, Pearl Catch, wire housing, only Scm long, 

cutters, driver handle, 1/4" hex driver, Up to 50m indoor range. of 
Includes batteries. 


3/16" hex driver | 
zs | ^ $3995 
4856 ES C 
$6950 P ` à 2-in-| butane soldering iron 
JA. FN |... fame and soldering iron tips, and large 
gas reservoir, Maximum blowtorch temperature of. 
1300'C and soldering temperature of 400°C, 


Suitable for carrying sensitive 
test equipment, cameras, 
notebook computers 

and electronic tools. 

4800) x 326W) x 150mm(H) f 
Toolsloccessories not included Ж 


Sm à NS he Fui 
TO d tw $ 95 Plastic pope, arks 79 Suit TO) 1, |р Bnet. bbe 
E L PK оре Trot the transis OPS. s dte 0х 80m А 
ee 

еы, an 

ау 

Се Ка; ts 
LSmm BH 1720 $3 

4mm SH 1721 $5 y, 

4 122 $3.95 
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range, great savings and scoop DIC = MITH 


purchases? 


Electromagnetic 
field tester 


This EMF tester is a cost effective, 
hand-held instrument providing you 
with а quick, reliable and easy way 
to measure electromagnetic field 
radiation levels generated by power 
lines and cables, computer 
monitors, TV sets, video equipment 
and many other devices. With 3.5 
digit (LCD) display, range of 0. 5 
to 199.9m gauss and 30Hz AV 


300Hz $9 0! 1 
599 5 i 


Digital light 
meter 

Ideal for photography, darkroom 
and video use. Quickly and 
accurately measures up to 50,000 
lux over 3 ranges. Features auto- 
zero function, low battery 
indicator and carry case. Requires 
1 x 9 volt battery. 


$99 40! 


Look at the on these 
special packs of heatshrink! Ail packs 1.2m lengths 


1.5mm dia. Blue w 4170, Clear W 4171, Red w4ı72 16тт dia. White W 4179. 


2.5mm dia. Clear w 4173, White W 4174 20mm dia. Clear w 4180, Red w 4181, 


White w 4182, Black w 4183 


AVAILABLE ONLY 
At Powerhouse. York Se Parramatta, 
Gore Hil, Penrith, Hobart, Glenorchy, 
Fyshwick, Buranda, Springvale, Coburg 


3.5mm dia. Blue w 4175, Clear w 4176. White w 4177 


from 


13mm dia. White w 4178 


PHONE: 1300 366 644 (Local Call Charge) FAX: (02) 9395 1155 АСТ Fyshwick Cnr. Townsville/Albany Sts 6293 3399 | 


PEATA но Diper Ek ураш NSW Penrith PowerHouse, cnr Batt & Mulgoa Rés — 4721 1544 | 
йк роса Up t GKO to YOE ony йене NSW Rockdale shp M2 Rockdale Plaza, Princess Hwy 95889309 | 
+ $400 (SI Up To $0 S750 (И Up To Ий) $900 Gl и VIC Altona Gate Altona Gate S/C Millers Rd 9314 een | 
Клен ЧЫ еч is Carnegie. 1048 - 1054 Dandenong Rd 9569 2644 | 

Greensborough Shop 2, 16:22 Main St 9432 5125 | 
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SCANNING... 
and the Olympus ES10 


Tonne 


радам Спати 


ча 


Compared to just а few years ago, computers have made 
life almost blissful for anyone wanting to get into print. 


Consider the printed word, for ex- 
ample: thirty years ago, most type was 
set in molten metal. Then along came 
photo-typesetting where paper “gal- 
leys” or strips of type were cut and 
pasted onto a page. The natural pro- 
gression was to computerised image- 
setters where whole pages of type 
could be assembled on screen and 
output as a finished page. 
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But what about photographs? 

Until fairly recently, photographs 
had to be treated as a separate item to 
be manually inserted into appropri- 
ate-size spaces left in the page. In- 
deed, some magazines are still pro- 
duced this w: 

The problem was, and still is, that 
photographs, which are also known 
as “continuous tone”, contain a virtu- 


ally infinite number of shades of grey 
between white and black. Printing 
presses, though, have only one shade 
of ink: black. They cannot simply print 
shades of grey. 

To print a photograph using black 
ink, the photo first has to be converted 
into a “half tone” where those shades 
of grey are replaced by varying sized 
dots, the size in proportion to the den- 


sity of the shade. Light areas have 
very tiny dots, darker areas larger dots. 
In solid black areas, the dots virtually 
merge. 

In a way, it is an optical illusion: 
viewed from far enough away, the eyes 
converge the halftone’s dots into a 
fairly faithful reproduction of the origi- 
nal photo. 

Converting a continuous tone to a 
half tone normally requires special 
equipment, techniques and а great deal 
of skill on the part of the operator. 

Colour photographs open a whole 
new can of worms because colour 
printing is primarily based on print- 
ing four colours of ink — cyan (a light 
blue), magenta, yellow and black. The 
original photograph has itself to be 
photographed four times with colour 
filters to pick out these four colours 
and at the same time convert each of 
them into dots of various sizes, as for 
a black & white image. 

And to avoid strange patterns in the 
final print, each of the four screened 
images has to be photographed at a 
different angle to the others and the 
four images have to be printed, one on 
top of the other, with a very high de- 
gree of accuracy. 


OWI-936K 

It won't break the 
speed of sound - 
accuracy and 
immediate response 
1o a command is its 
strength. Controlled 
by sound commands 
toan inbuilt 
condensor 
microphone. 


SOUND SENSOR 


OWI-963K 
Similar to тай 
couriers used in 
large organisations, 
follows a designed 
course using an 
infra-red emitter and 
light sensing circuit. 
Draw you own track eD A DE! 
and itwili (оон. INFRA-RED R 
Normal selling price $116.95 


The Kodak Photo CD. In this " 


pro" version, approximately 100 images can be 


stored on a CD-ROM. When the discs are scanned, an index card is printed 
which contains a thumbnail of each image on the disc. A full "pro" disc costs 
around $750 - $1000. The pro version can also handle larger format 
transparencies, albeit at significantly increased cost. 


When printed, the eyes not only 
converge all the dots, but combine the 
four colours of ink so that a reproduc- 
tion of the original photograph is seen. 
Again, the quality of the printed pho- 
tograph depends to a very high degree 
on the skill of the people involved, all 
along the chain, 


Then along came computers 
It took some time before computers 


Circuit boards to be assembled on all models 


OWI-961K 

Fit a pen into WAO II 
and it will draw 
turtle-type graphics - 
straight lines, circles, 
even short words 
and phrases. Design 
sophisticated 
programs - optional 
computer interface 
connects to Аре. Mn g 
lle, GS or iam Pcs. PROGRA 
(МАО 1I Interface $49.70) 


OWI-969K 
Selected as the 
Institute for Child- 
hood resources as 
100 BEST 
CHILDREN'S 
PRODUCTS" and 
"TOP 10 CREATIVE 
PRODUCT. Easy to 
assemble 


had enough "grunt" to do the job and 
early software was somewhat primi- 
tive by today's standards. But at last, 
type and photographs could all be 
handled together on the screen with 
power hitherto only dreamed about — 
desktop publishing was born. 

To go with the more powerful com- 
puters, desktop scanners started ap- 
pearing. These early scanners handled 
only black and white photographs; 


OWI-962K 

Ап intelligent robot 
that avoids 
interference. Emits 
an infra-red beam 
which detects 


obstacles, signaling Ж 
itto change 

direction. Six legs 
simulate the walking нра m 
action of a spider. АА-АЙ 
Normal selling price $116.95 


OWI-989K 
Moonwalker begins 
to walk when it 

det a change in 
light density and 
continues its tour- 
legged voyage until 
instructed by an 
internal timer to 


Rae =| 

WORLD OF ROBOTICS | ane | | 
Phone (03) 5241 9581 Fax (03) 5241 9089 | | - | 
"ect me RT Postage & Fanding S6 | 
http://central.austasia.net/robotics [a ORDER TOTAL: $ Ji 
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COMMERCIAL DRUM SCAN 


today's models handle glorious, liv- 
ing colour. 

Sure, commercial scanners had been 
around for a long time — in fact, that's 
how most halftones, especially col- 
our, have been processed for years. 
But what the desktop scanner did was 
bring this operation down to desktop 
level and, more importantly, at an af- 
fordable price. 

One stumbling block, though, has 
been in handling transparencies (or 
slides). Many desktop scanners had 
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Processed using Photoshop 


transparency options but the quality 
has, for the most part, always been 
significantly lower than that of a com- 
mercial scan. 

There have been other options — 
some viable, some not. One option 
which we at SILICON CHIP have used 
with great success is the Photo CD. 
This is a system introduced a few 
years ago by Kodak and involves hav- 
ing transparencies scanned by a spe- 
cialist scanner into a proprietary for- 
mat which greatly reduces the file size - 


8. 
Вам Ѕсап 


PHOT 


with very little degradation, The im- 
age filesare then stored on a CD-ROM. 
Whilethe system works well, the prob- 
lem is time — having to send the trans- 
parencies away, have them scanned, 
get them back, then process them. 
Incidentally, a Photo CD service is 
available through all Kodak Image 
Centres and most dealers. While com- 
mercial quality scans (ie, for commer- 
cial reproduction) are not cheap 
Kodak, and others, offer a quite low 
cost scanning service to the home user. 


Raw Scan 


CD SCAN 


r'ocessed using Photoshop 


OLYMPUS ES-10 SCAN 


Processed using Photoshop 


If you have a number of transparen- 
cies (positive or negative) and want to 
be able to access them via your per- 
sonal computer, this is a most attrac- 
tive proposition. Enquire at any Kodak 
photo processor or dealer. 

Other people have tried using some 
of the newer digital cameras as slide 
scanners. While some manufacturers 
say this is practical, you've probably 
seen the often awful results obtained 
by the current generation of digital 
cameras in other magazines! 


(Unless you spend a lot of money, 
the results show most digital cameras 
are not that marvellous when it comes 
to taking ordinary photos, either.) 

Digital cameras will get there . . . 
but they're not there yet. 

So are there any other options? 

For some time we've been looking 
at desktop film scanners. Unfortu- 
nately, our expectations based on 
specifications or salesmen's hype have 
never quite been equalled by the re- 
sults. Either the performance was way 


below par... or the performance was 
acceptable but the price tag certainly 
wasn't. We were resigned to continu- 
ing the Photo CD route. 

All of which made us look twice at 
a press release which passed over our 
desk earlier this year from R Gunz 
(Photographic) Pty Ltd announcing the 
release of the Olympus ES-10 Film 
Scanner. It promised “outstanding 
image quality” (don’t they all?) but 
perhaps more importantly, a retail 
price of around $895, 
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OLYMPUS ES-10 


[7173 age 


тз M 2 


Color Stide m E 


software. Most parameters can be set on-screen before 


the preview button is selected and after about 10 
seconds... 


... the preview scan appears in the window allowing 
further adjustments such as colour balance, density, 
cropping, etc, The scan button is then selected . . . 


aae fa. 


E 


Sa 


... and after quite a delay (up to 5 minutes) 
the final scan appears. This is then 
"tweaked" in a photo-processing program. 


i 
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And the final paragraph was the clincher: “to arrange a 
sample unit for evaluation сай...” 

We called. 

Unfortunately, we weren’t the first to do so—so it tooka 
while before the sample unit arrived. But arrive it did and 
we duly unpacked it, read the first page of the instruction 
manual (does anyone ever get to page 2?) and proceeded 
toconnect it to one of the computers on our network. 


Connecting it up 

To be honest, it's hard to go wrong even if you don't read 
the manual. Connecting it up proved to be the easiest part 
of all, though nothing was particularly hard. The Olym- 
pus ES-10 is designed to work through the computer's 
parallel port in “pass through" mode — you can have both 
the ES-10 and a printer connected at the same time. The 
computer on which we installed the ES-10 was a network 
machine without a printer of its own, so it was just a 
matter of plugging it in. 

The ES-10 is supplied with film holders for individual 
(mounted) 35mm transparencies as well as unmounted 
35mm film strips (up to 6 frames). It also comes with two 
software packages, the ES-10 scanner control software 
(V2.02) and Olympus LAB-10 Image Retouching software. 

Loading the software was as simple as inserting the 
floppy discs (yes, software that still comes on floppy!) and. 
letting Windows 95 do the rest (instructions are pro- 
vided). The software will also operate under Windows 3.1 
if you are crazy enough and we assume under Windows 
98. 

Incidentally, the machine we were using was not an all- 
singing, all-dancing Pentium II. It was in fact a garden- 
variety 486 2/66 with 24MB of memory (a 486 with 16MB 
is the minimum requirement though Olympus recom- 
mend a Pentium 75MHz with 32MB). We wanted to see 
how it behaved in a "typical" home computer as distinct 
from a high-end business machine, 

The only assembly required was the plugging in of the 
35mm film module. An optional module is available to 
suit the Advanced Photo System cartridge film. 


Operation 
Almost all scanner operations are performed in a pre- 


Not quite desktop size . . . this is one of the drum scanners 
at SILICON Снр printers - Macquarie Print in Dubbo, NSW. 


view window, which opens when you 
тип the ES-10 software. 

This window allows you to select 
various parameters: 

* the film type (slides, various brands 

of colour or B&W negatives) 

* the image size you want (pixels is 
the default but this can be changed 
to in, mm or cm) 
the input resolution (up to 1770 
dpi) and the output resolution 
a number of slider controls which 
can adjust the colour balance (red, 
blue and green, plus or minus) 
the exposure bias (brightness plus 
or minus) 
image rotation (90° per time) 
focus (interacts with focus control 
on scanner unit) 

* gamma curve compensation 

black & white conversion 
There is also a “preview” button 
and a "scan" button:. The preview 
button is selected first which gives a 
quick image in the viewfinder, allow- 
ing cropping and other parameters 
above to be set. When all is ready, 
selecting the "scan" button starts the 
scan proper. 

The main scan takes some time, 
depending on the input resolution se- 
lected, the image size and amount of 
cropping. Working on the theory that 
the highest possible resolution would 
give the best possible image to work 
with, we elected to scan our slides at 
1770dpi (which is a default anyway). 

Most slides took in the region of 
five minutes to scan at maximum reso- 
lution, as per the specifications. Ol- 
ympus also claim an 80 second scan 
for a 1000 x 1000 pixel resolution. 

Wealso took the opportunity to scan 
several colour negatives — the type 
you get when you shoot a roll of col- 
our film — and some b&w negatives. 
With many of today's quality inkjet 
printers you can get virtual photo- 
graphic quality output. 

Using this scanner, would the aver- 
age person be able to "print their own 
photos", either black & white or col- 
our, from those negatives gathering 
dust in the bottom drawer, ? 


Saving The Scans 

One disappointment we found was 
that scans only save in bitmap (.BMP) 
format which has always been our 
least-preferred option. Most other 
scanners will allow you to choose the 
format. 

By choice, we work in either .TIF 


(tagged image 
file format) for 
b&w, or .EPS 
(encapsulated 
Postscript) for 
colour because 
these are what 
the company 
which prints 
SILICON Сн re- 
quires. Still, it’s 
only a small 
point because 
we were going to 
process all of 
Our scans in 
Adobe Photo- 
shop — and this can save in any for- 
mat. 

Why Photoshop and not Olympus's 
own image retouching software? Sim- 
ple: we're use Photoshop every day in 
the production of "SILICON CHIP” and 
we know its capabilities. 

We didn’t want to introduce another 
unknown into the equation, perhaps 
comparing apples and oranges. 


Scan quality 

So how did the Olympus scans 
shape up? You be the judge. 

We have selected the same trans- 
parency and scanned it three ways. 
First of all, we had our magazine print- 
ers do a commercial quality scan on 
their $60,000 rotary drum scanner. 
Second, we had the slide scanned and 
put onto CD-ROM. And third, we 
scanned the slide at maximum resolu- 
tion with the Olympus ES-10. 

The first row of photos shows the 
scans as they appeared directly from 
the various processes (where neces- 
sary converted to CMYK EPS format 
only). Now you can see why raw scans 
almost always need some work! 

The second row of photos shows 
the same scans after electronic process- 
ing using Adobe Photoshop, as we do 
with all of our photos. 

Only a small amount of colour cor- 
rection has been done, though: nor- 
mally we would correct the scan to 
match the slide. 

Yes, there are differences between 
the three, which we would expect. 
The Olympus scans are not as good as 
the Photo CD or drum scans. But the 
Photo CD Scanner is worth about 
520,000; the drum scanner much more. 
For a sub-S1000 scanner, we don't 
think they are too bad. 

Admittedly, we're only reproduc- 


cut 
35mm film strips (above 
or single, mounted 35mm 
slides (left) are supplied. 
Positive or negative 
transparencies can be 
scanned. 


ing these photographs at 125 x 83mm. 
where in fact all can theoretically be 
taken to A4 (or full page) size. In fact, 
the drum scan can go much larger — 
even the Photo CD scan can, with 
care, be taken to A3 size. When you 
think about it, that's a massive en- 
largement over the original size (35mm 
slide 24 x 35mm, A3 297 x 420mm) 
and “people who know” will tell you 
that you should never enlarge a 35mm 
above A4 size. Well, we can and do! 

Ofcourse, the average home or even 
small business user will seldom want 
or need to enlarge to this size so the 
half page photos givea legitimate guide 
to what you can expect. 

The other thing to remember, of 
course, is that resolution is very much 
a function of the output device — if 
you're scanning pictures for the 
Internet, for example, you cannot af- 
ford to have high resolution because 
they take too long to load. 

(Internet photos are generally 
scanned at 72dpi or dots per inch but 
even then are saved with a lot of com- 
pression to keep the size as small as 
possible). 

To sum up, we're pretty impressed 
by the Olympus ES-10 scanner, espe- 
cially at the price. It obviously has 
limitations but it does a more-than- 
acceptable job. And the question we 
asked before about negatives was cer- 
tainly answered in the positive (do 
you like that metaphor?). 

Now, boss, can I have one? sc 


The Olympus Film Scanner ES-10 is 
available from many photographic out- 
lets and computer specialists. 
Trade Enquiries to R Gunz (Photo- 
graphic) Pty Ltd, 26-34 Dunning Ave, 
Rosebery NSW 2018. Tel (02) 
9935 6600, Fax (02) 9935 6622 
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CIRCUIT NOTEBOOK 


Interesting circuit ideas which we have checked but not b: 


It and tested. Contri 


readers are welcome and will be paid for at standard rates. 


Improved relay 
voltage booster 

The idea of operating a relay at 
half its rated voltage is sound but 
the circuit presented on page 26 of 
the September 1998 issue does have 
a drawback which could preclude 
its use in some applications. 

Because the circuit relies on the 
charging and discharging ofa 220uF 
capacitor the relay may remain 
energised for as long as one second 
after the fall of the control input. 
Furthermore, if the control input 
returns high before the capacitor 
has fully recharged, the stored en- 
ergy may be insufficient to pull in 
the relay. This is all the more prob- 


LED indication for 
12V SLA charger 


These modifications provide a 
visual indication ofthe charging states 


20 SILICON CHIP 


able because the volt- 
age drop across diode 
D2 limits the maximum 
available voltage to 
about 10.8V. 

The deficiency can be 
cured by adding a third 
transistor (Q3) and di- 
ode (D3) as shown in 
this amended circuit. 
Q3 and D3 isolate Q2 
from the recharge cur- 
rent of C1, ensuring that 
the relay drive reacts 
immediately to the fall 
of the control input. 

Q3 also provides a 
fast recharge path for C1, so charging 
is completed within the mechanical 


for the 12V SLA charger published in 
the July 1989 issue of SILICON CHIP. 
The three charging states are indi- 
cated by three LEDs and these are 
selected by IC2, a 4052 dual 4-chan- 


response time of the relay, 


A. Ellis, Porirua, NZ. ($25) 


BATTERY + 
ALARM 


BATTERY - 
(он 


nel analog multiplexer/demultiplexer 
which is used as a 2-pole 3-position 
switch. 

ІС2 requires a binary input to pins 9 
and 10 and this input is obtained from 


INPUT 
PULSES 


oF 


FROM © 
IGNITION 


CHASSISO—_ 


Speed alarm & 
digital speedometer 


This circuit provides a digital 
speedometer plus an overspeed 
control and alarm and the proto- 
type was installed in a 1990 Celica. 
This model already has an elec- 
tronic speedo and its sensor pulses 
are used as the input to this cir- 
cuit. 

The digital speedo circuit uses 
an LM2917 frequency/voltage con- 
verter (IC2) which provides a DC 
voltage output to a digital panel 
meter (Altronics Cat. Q-0560) and 
this is set to its 2V range with the 
decimal point disabled and the last 


pins 9 and 10 of IC1, the UC3906 
charger controller. A power fail relay 
has also been added and this discon- 
nects the battery from the charger in 
the event of a power failure and con- 
nects it to an alarm output terminal. 
The modification to the original cir- 
cuit consists of cutting the track be- 
tween pin 10 of IC1 and resistor R5, 


digit blanked out with black tape. 
A multiturn trimpot is used to ad- 
just the voltage at the DVM to 1V 
when the vehicle speed is 100km/ 
h. The timing components for the 
LM2917 were chosen to suit the 
Celica speedo pulses which have a 
frequency of 75Hzat 100km/h. IC1, 
a 555 timer, is simply used as a 
comparator to square up the input 
pulses before they are fed to IC2. 

The digital panel meter requires 
a separate 9V supply and this is 
connected via optoisolator IC3 
which is enabled when the system 
is switched on. 

ІС4, another 555 timer, is also 
used as a comparator to provide 


thus freeing pin 10 for connection to 
IC2. Pin 9 of IC1 is connected to pin 9 
of IC2, while pin 10 of IC1 goes to pin 
10 of IC2. The end of R5 that previ- 
ously connected to pin 10 of IC1 now 
connects to pins 1 and 2 of IC2. R5 is 
now switched in and out of circuit by 
IC2. 

As the input voltage can be any- 


the overspeed alarm. IC4 monitors 
the collector of Q1 which is biased 
from trimpot VR2, which is con- 
nected to the output of IC2. When 
the collector of Q1 goes below +4V, 
pin 3 of IC4 goes high to turn on 
LED2 and transistor Q2 which 
drives a piezo alarm. 

ІС5, a further 555 timer, is con- 
nected as a conventional oscillator 
to modulate Q2 and the piezo 
alarm. 

In practice, it is only necessary 
to set the vehicle to the required 
speed, then adjust trimpot VR2 
until the alarm operates. 

K. McCarroll, 

Glendalough, WA. (40) 


where between about 18V and 20V, a 
78112 regulator, IC3, has been used to 
provide the 12V rail for IC2 and its 
circuits. 

The power fail relay coil is con- 
nected across the input supply to the 
charger, in series with a 2000 resistor. 

R. Sewell, 

Annandale, NSW. ($30) 
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"PRODUCT SHOWCASE 


Don't just play games... . FEEL them! 


| Ша 
RSD FUND | 


Here's a new product for computer 
games players that will just about 
knock you right out of your seat! 

It's called the Aura Interactor Cush- 
ion and is claimed to give a real 3D 
sound experience, Instead of just lis- 
tening to the speakers and watching 
the screen, you sit against this special 
cushion and actually feel the action. 

In fact, the Interactor Cushion is not 
just for personal computers. It's also 
said to be ideal for adding "feeling" to 
home audio/home theatre equipment; 
even VCRs and portable CD players — 
everything from the spine-tingling ex- 
citement of an adventure movie to the 
energy of a symphony orchestra. 

"As if you were inside the game, 
movie or music itself", they say. 

The Interactor package includes the 
cushion, an adjustable power amplifier capable of about 15 
watts, a 240V power adaptor and all necessary connecting 
cables. It also comes with a detailed instruction manual 
along with a "quick start" card showing the connections for 
the 99% of people who don't read manuals! 

The system is essentially a sub-woofer system which has 
transducers instead of speakers. These transducers couple 
the bass signal into the lower back, which is what you "feel". 

There is a some audio output from the cushion but this is 
somewhat muffled, especially when used in a lounge chair. 
The existing system speakers or headphones would still be 
required, especially for "serious" listening. Fortunately, a 
3.5mm "Y" adaptor is included in the package. 

The system is designed to operate from the "line out" 
sockets on most audio equipment or from the headphone 
socket on a portable stereo. It would appear that a fair 
amount of drive is needed as we found both the "volume" 
control on the portable stereo and the "power" control on 
the Interactor amplifier had to be at maximum to gain any 
useful action from the cushion. We didn't have the opportu- 
nity to try the system with a line level signal. 

The Aura Interactor comes from Jaycar Electronics stores 
and is in fact part of a surplus stock purchase. For this 
reason the price is a very attractive $79.95 — according to 
Jaycar's Managing Director, Gary Johnston, the normal retail 
price should be well over $200. 

Jaycar also sell some of the components for the system, 
including the power supply which could be very handy for 
hobbyists with a 23V. 1.25A AC centre-tapped output — 
almost perfect for making a +12 volt DC supply. Enquiries to 
Jaycar Electronics stores or head office at 8-10 Leeds St, 
Rhodes NSW 2138. Tel (02) 9743 5222, Fax (02) 9743 2066. 
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ка have EE A fe in the last 
Мо years. Technology 

was forced forward to 

meet the demands of 

an aware market 
(people). 


STATPOWER Тһе largest global manufacturer 
of inverters and chargers have released the 
1998 models. 


NEW! Really, NEW technology, 
features and benefits! 

Call us now for your 
rest Dealer. Australia wide, 


TPOWER 


BAINBRIDGE TECHNOLOGIES PTY LTO 


77 Shore Street, Cleveland Brisbane Qld 4163 
PH: (07) 3821 3333 Fax: (07) 3821 3977 
Email: baintech@powerup.com.au Internet: www.statpower.com 


Robotics kits to build 


Looking for something different for 
a child this Christmas? How about a 
robot? Or, more specifically, a build- 
it-yourself robot kit? Not only will 
they learn a lot about robots and ro- 
botics as they build the kit, they'll 
also have a lot of fun with it when it's 
finished. 

World of Robotics, of Belmont (Vic) 
has introduced a range of robotics kits 
suitable for all ages. While there are 
several beginner and intermediate kits 
(which are basically pre-assemblies), 
of most interest to SILICON CHIP read- 
ers would be the "advanced experi- 
ence" kits which require the construc- 
torto put the kit together from scratch 
— including soldering components 
onto PC boards. 

We had the opportunity to look at a 
couple of the advanced kits and were 
impressed by the quality of compo- 
nents and especially the presentation. 
Australia has seen a number of kit 
ranges introduced from overseas and, 
to be frank, they have not always 
passed muster. 

Our first reaction on looking at the 
instructions on these kits was that 
they reminded us of the presentation 
of the old “Heathkit” range. Those 
old enough to remember Heathkit 
would no doubt also remember that 
they set the standard by which all 
kits, past and present, are judged. It's 
no faint praise then to put the Robotic 
kits їп а similar class. It is perhaps not 
surprising to find that they, like 
Heathkit, come from USA. 

One kit we looked at closely, the 
WAO II, has a detailed, step-by-step 
instruction manual running to 64 
pages, Illustrations are very well done 
—and there's even a section on how to 
solder for beginners. 

What's more, the book is full of 
testing tips plus troubleshooting sec- 
tions for when something doesn't work 
the way it is supposed to. 

A limited range of tools is required 
to put it together — cutters, pliers, sol- 
dering iron and a screwdriver or two 
will just about get you through the 
process. 

So what is the WAO Il? It is a 
programmable, intelligent robot with 
а 4-bit microcomputer controlling its 
actions. Through 26 keys you can in- 
put the motion program and the WAOII 
will obey those instructions. It is bat- 


tery operated, separate 
batteries being used to 
power the motors and 
computer. Communi- 
cation with a personal 
computer is also pos- 
sible through an op- 
tional interface card. 

Sure, as a robot it’s 
pretty basic. But then 
most robots are very 
basic devices, de- 
signed to perform a 
limited number of 
tasks with precision 
and repeatability. The 
likelihood of the speak- 
ing, human-type robot 
of Hollywood movie 
fame is still quite a way 
off, 

But real robots such as the WAOII 
are here now and will be fascinating 
for any child with an enquiring mind 
(recommended age 12 and up, given 
the soldering and construction re- 
quired). WAOI is priced at $155 (other 
kits available from $39.95), from World 
of Robotics, 110 Mt Pleasant Rd, 
Belmont, Vic 3216. Tel (03) 5241 9481; 
fax (03) 5241 9089 e-mail frances@ 
mail.austasia.net 


Hitachi Australia has started ship- 
ping a DVD-ROM drive with four 
times normal speed operation. 

The GD-2500 drive has a transfer 
rate of 5.52MB/s and gives a storage 
capacity of 8.5GB (4.7GB per side), 
or seven times the capacity of cur- 
rent CD-ROMs. This is enough space 
to store a 135 minute MPEG-2 en- 
coded film or video, with room to 
spare for multiple soundtracks and/ 
or subtitles. 


First quad speed DVD-ROM drives 


The drives are fully compatible 
with existing CD-ROM formats, in- 
cluding CD-R and CD-RW. DVD-R 
discs are also compatible. 

The drive, with an estimated price 
of $345 inc tax is already available in 
limited quantites through distribu- 
tors and dealers. Enquiries to Hitachi 
Australia Ltd, 13-15 Lyonpark Rd, 
North Ryde, NSW 2113. Tel (02) 9888 
4100, Fax (02) 9888 4188, website 
www.hitachi.com.au 


Outdoor telecommunications NiCad from SAFT 


A long life, durable Nickel-Cad- 
mium battery intended for external 
telecommunications applications, has 
been released by SAFT Australia. 

The Ultima Plus has a pocket plate 
design and is claimed to have a 20- 
year lifespan. With a generous elec- 
trolyte reserve, thermal runaway is 
eliminated and the battery is expected 


to be maintenance-free at normal tem- 
peratures. Even when operated at 40°C, 
top-up will only be required after 10 
years, according to SAFT Managing 
Director, Richard Jensen. 

Enquiries to SAFT Australia Pty Ltd, 
Unit 7, 20 Powers Rd, Seven Hills 
NSW. Ph (02) 9674 0700, Fax (02) 
9629 9990. 
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Protect your car from 
theft with the... 


Immobiliser Mk.2 


This basic engine Immobiliser kills the ignition 
if a thief tries to steal your car. Fit it to your car 
as cheap insurance and peace of mind. If a thief 
tries to start your car, the engine will repeatedly 
stall and he will move on to an easier target. 


By JOHN CLARKE 


While many modern cars include a 
comprehensive anti-theft system with 
ignition disable, central locking and 
rolling code entry, older vehicles or 
the less expensive models do not have 
this protection. The lack of engine 
immobilisation renders the vehicle 
more susceptible to theft, particularly 
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for older style vehicles, some of which 
can be entered, started and driven 
away in just a few seconds. 

You can improve the odds against 
your vehicle being stolen simply by 
adding some form of engine immobi- 
lisation. Whether it is a hidden switch 
which breaks the points signal from 


the distributor, or a more fancy 
method, the inclusion makes it more 
difficult for a thief to start the engine. 
But if the ignition system can be “hot 
wired” to effectively bypass the 
immobilisation wiring then it will be 
worse than useless. 

This Engine Immobiliser shorts out 
the switching transistor or points 
which control the ignition coil. It does 
not produce a permanent short be- 
cause it is switched on and off at a 
slow rate. The engine can be started 
with the Immobiliser in action but it 
will only run for about two seconds 
and then switch off. The engine can 
then be restarted only to stall again. 

If the thief persists, the engine will 
continue to start, only to stall again 


and after several tries he is likely to 
decide that the car is not worth the 
trouble. 

On the other hand, if the thief de- 
cides to lift the bonnet to investigate 
further, it is important that the wire 
from the Immobiliser to the ignition 
coil is well hidden. Naturally, the 
switch to turn the Immobiliser on and 
off must be well concealed or camou- 
flaged to look like one of the acces- 
sory switches, otherwise the whole 
subterfuge will be for nothing. 
Killing the ignition 

In effect, a switch is placed in par- 
allel with the car's points or the igni- 
tion switching transistor, as shown in 
Fig.1 & Fig.2. Each time the Engine 
Immobiliser switches on, it effectively 
shorts out the points or the switching 
transistor and prevents the coil from 
producing any sparks. 

By shorting out the points or switch- 
ing transistor and diverting the coil 
current for just a brief period, no dam- 
age can result to the coil. But the 
ignition coil could be easily burnt out 
if the coil current was continuously 
diverted, as it would be if the ignition 
was permanently disabled by a sim- 
ple switch. 

Now have a look at the circuit of the 
Engine Immobiliser in Fig.3. It uses a 
high voltage Darlington transistor (Q1) 
which is connected in parallel with 
the points or the ignition transistor, 
Q1 can switch the coil current of sev- 
eral amps and can withstand the high 
voltages normally developed when the 
ignition system is functioning nor- 
mally. 

This circuit is quite similar to the 
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Fig.1: when fitted to a car with conventional ignition, the Immobiliser 
effectively shunts the points and stops the coil from producing spark 


voltage. 


TO +12V VIA 
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Fig.2: when fitted to a car with electronic ignition or an engine 
management system, the Immobiliser shunts the main switching 
transistor. This does no damage because the coil current is inter- 
mittently diverted through the Immobiliser. 


original Engine Immobiliser which we 
featured in the December 1995 issue 
of SILICON CHIP but there are some 
important differences which we will 


ENGINE IMMOBILISER 


aS 
MJHIO0I2, 
BUSA4IP = 


VIEWED FROM 
BELOW 


mention later in this article. 

1С1, a 555 timer, is connected to 
operate as an astable oscillator. It is 
powered from the ignition circuit of 


то 
IGNITION 
con - 


Fig.3: the circuit 
consists of a 555 timer 
which cycles the 
transistors on and off 
to periodically shunt 
the ignition and hence 
stall the engine. 
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19»12V VIA SI 


Fig.4: the component overlay for the PC board. Note that the zener diodes must 
be installed the right way around otherwise the circuit won't work. If the 3W 
zeners are installed the wrong way around they could be burnt out by the coil 
current when the circuit is connected up. 


This photo shows the keypad version of the Engine 
Immobiliser, to be published next month. The keypad 
circuit board mounts above the Engine Immobiliser 


board in a standard plastic case. 


the vehicle via the enable switch, S1. 
Initially, when power is first applied, 
pin 3 of IC1 goes high. The 10ЏЕ ca- 
pacitor at pin 2 is then charged via the 
100kQ resistor and diode D1. When 


820 5W 
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the voltage across the 
capacitor rises above 
+8V (ie, 2з of the posi- 
tive supply), pin 3 of 
IC1 goes low. The 10ДЕ 
capacitor is then dis- 
charged to about +4V 
via the 330kQ resistor 
connected between 
pins 6 & 7 and pin 3 
goes high again. 

The cycle then con- 
tinues with pin 3 be- 
ing switched high for 
about 0.7 seconds and 
low for 2.3 seconds. 

Each time pin 3 of 
IC1 is high, Q3, Q2 & 
О1 are switched on 
and so the ignition coil 
is prevented from pro- 
ducing its normal pri- 
mary voltage and the 
engine will be stalled. 
This 0.7s on-time for Q2 is quite suffi- 
cient to stall the engine and means 
that there is no chance of any damage 
to the ignition system. 

So the engine can be repeatedly 


4-Band Code (1%) 

orange orange yellow brown 
brown black yellow brown 
yellow violet red brown 
brown black red brown 

not applicable 

brown black black brown 


started and will just as surely stall 
each time. 

One important feature, which may 
not be immediately obvious, is that 
the Immobiliser does not do any dam- 
age to the саг? ignition system if the 
thief leaves the car stalled and hot- 
wired. The Immobiliser will continue 
its cycle of 0.7s on and 2.3s off indefi- 
nitely but no damage should result 
apart from the possibility of the bat- 
tery becoming discharged. 

One other minor point is that when 
power is first applied to the Immobi- 
liser circuit, as when the ignition is 
first switched on, pin 3 of IC1 will be 
high and so Q1 will be on, pulling the 
negative side of the coil low and thus 
preventing any sparks from being de- 
livered for about one second. How- 
ever, most cars need to be cranked for 
at least a second to start them so there 
is really no noticeable effect on start- 
ing the car. 

Power for the Immobiliser comes 
from the ignition switch and the en- 
able switch S1. It is fed via diode D2 
which protects transistors Q2 & Q3 
against reverse connection of the sup- 
ply while the associated 0.1uF capaci- 
tor decouples the supply from hash. 
1С1 is protected from voltage tran- 
sients with the 16V zener diode ZD1, 
together with the series 10Q resistor 
and 100uF decoupling capacitor. 


Construction 


The Engine Immobiliser circuit is 
accommodated on a PC board meas- 
uring 106 x 60mm and coded 
05412981. The component overlay for 
the board is shown in Fig.4. 

Before discussing the construction 
details, we need to mention a number 
of differences between this version of 
the circuit and that originally pub- 
lished in December 1995. The first 
and most obvious difference is that 
this Mk.2 version uses the MJH10012 
which is the plastic version of the 


able 1: Resistor Colour Codes 


5-Band Code (1%) 

orange orange black orange brown 
brown black black orange brown 
yellow violet black brown brown 
brown black black brown brown 
not applicable 

brown black black gold brown 


Fig.5: this is the actual size artwork for the PC board. Check your board 
carefully before installing any of the parts. 


MJ10012 TO-3 power transistor. 

Analternative transistor which may 
be supplied in some kits is the BU941P 
(manufactured by 57 Microelectron- 
ics), While the plastic Darlington high 
voltage transistor should be cheaper 
it does require a small heatsink. 

The second point of difference is 
that there is provision on the board 
for another transistor and this will be 
used in a keypad-operated Engine 
Immobiliser to be published next 
month, The version being published 
this month has the virtue of simplic- 
ity; next month’s version offers more 
bells and whistles and the security of 
a keypad to disable it. 

Now that we've got those points out 
of the way, we can discuss assembly 
of the board. You can begin construc- 
tion by checking the PC board for 
shorts between tracks, breaks in the 
pattern or undrilled holes. 

You will need to fit PC stakes at the 
external wiring points (four) and then 
insert the links using the tinned cop- 
per wire, 

The resistors can be installed next 
and you can use the colour codes in 
Table 1 as a guide to selecting each 
value. Alternatively, you can use a 
digital multimeter to measure each 
resistor before it is soldered in. 

The diodes can go in next, taking 
care with the polarity of each. Make 
sure that you use ће 1N914 or 1N4148 
type for Di and 1N4004 for D2. The 
16V zener diode ZD1 is quite small 
and may be marked 1N4745 while the 
four 75V 3W zeners (which may be 
marked 1N5374) are quite a lot larger. 

Transistors Q2 & Q3 are positioned 
as shown but make sure you don't get 
them swapped around; Q2 is a BC327 


while Q3 is a BC337. Transistor Q1 is 
mounted on a small heatsink and se- 
cured with an M3 screw and nut to 
the PC board. 

Next, insert the 555 IC and the three 
capacitors, making sure that the IC 
and the electrolytic capacitors are in- 
stalled the right way around. The 
0.1НЕ capacitor may be marked as 
100n or 104, being the IEC and EIA 
codes, respectively. 


Testing 

To test the circuit, connect it to a 
12V DC supply or battery. There is no 
need to connect a coil to the collector 
of Q1. Connect your multimeter, set to 
measure 12V DC, to check the voltage 
at pin 3 of IC1. You can do this most 
conveniently by connecting to the 
4.7kQ base resistor for Q3. 

Now apply power and check that 
pin 3 goes high immediately and then 
drops low after about a second. It 
should then stay low for 2.3 seconds 
or thereabouts, then go high for 0.7s 
and so on. You can then check the 
sequence at the collector of Q3 and 
the collector of Q2. Q3 will invert the 
voltage from pin of IC1 and Q2 will 
invert it back again. 

Finally, you can verify that the high 
voltage transistor Q1 comes on by 
measuring the resistance between its 
emitter and collector. The transistor 
will be on when the resistance is low 
and off when its resistance is high. 

If the circuit operates proper! 
are now ready to install it into your 
vehicle. The board can be housed in 
several ways. It can be mounted in a 
standard plastic case measuring 130 x 
67 x 43mm or it could be sheathed in 
heatshrink tubing. 


1 plastic case, 130 x 67 x 48mm 

1 PC board, code 05412981, 
106 x 60mm 

4 PC stakes 

1 mini heatsink, 19 x 19 x 9.5mm 

1 M3 x 9mm screw 

1 M3 nut 

1 1m length of heavy duty black 
automotive hookup wire 

1 1m length of heavy duty red 
automotive hookup wire 

1 1m length of light duty red 
automotive hookup wire. 

1 1m length of heavy duty yellow 
automotive hookup wire 

1 150mm length of hookup wire 


Semiconductors 

1555 timer (IC1) 

1 MJH10012, BU941P power 
Darlington transistor (Q1) 

1 BC327 PNP transistor (Q2 

1 BC337 NPN transistors (Q3) 

1 16V 1W zener diode (ZD1) 

4 75V 3W zener diodes (ZD2-5) 

1144148, 1N914 diode (D1) 

1 1N4004 1A diode (D2) 


Capacitors 

1 1004F 16VW PC electrolytic 
1 ТОНЕ 16VW PC electrolytic 
10.1uF MKT polyester 


Resistors (0.25W, 1%) 


1 330kQ 1: 1kQ. 
1100kQ 18205W 
147ко 1100 
Miscellaneous 


Automotive connectors, solder. 


Find a suitable position under the 
dashboard to mount the unit and then 
locate the fused side of the ignition 
circuit and the fused side of the bat- 
tery supply. 

The wiring to these points should 
be made using automotive connec- 
tors. Also you will need a chassis 
point to connect the ground supply of 
the circuit to the battery negative ter- 
minal. This can be an existing screw. 
in the bodywork or a separate self- 
tapping screw which secures the eye- 
let terminal for the ground lead in 
place. The connection to the ignition 
coil should be made with an eyelet 
terminal. Try to conceal this wire as 
much as possible. sc 
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SERVICEMAN'S LOG 


There's often life in an old dog 


I didn't plan it that way but, quite by chance, 
all three stories this month are about 
equipment which many people would have 
consigned to the scrap heap. But as I found, 
there is often life in an old dog yet. 


The 10 year old Philips stereo TV 
set (Philips 28CT8893/75Z KR 6687R 
2B-S chassis) brought in by Mr Evans 
was just on the point of its use-by 
date. Most of these sets suffer low- 
emission tubes by now and are strug- 
gling to give any sort of picture. How- 
ever, this set looked immaculate and 
the owner assured me that he only 
watched it on Sundays for the reli- 
gious programs! (If you believe that, 
you'll believe anything). 

Anyway, he was complaining of 
what is a typical problem with this 
model set — either no picture or the 


picture taking a very long time to ap- 
pear, usually with a horizontal white 
line at the top first. 

I was glad when he had gone be- 
cause access to this set is only really 
viable when the set is on its side or 
upside down and some people be- 
come somewhat anxious when their 
pride and joy is placed in such an 
unusual position. 

First, I resoldered all the connec- 
tions to the horizontal output trans- 
former and the chopper transformer 
rivets. The rivets were designed to 
reduce dry joints but failed spectacu- 


foL cowl sse» ГУ, 
FROM ONLY 5 MetRES! 


THE OWNER ASSURED ME THAT 
WE ONLY WATCHED IT ON SUNDAYS 
FOR THE RELIGIOUS PROGRANScco 
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larly. I then concentrated on the ac- 
tive devices before resoldering quite a 
number of suspect joints. 

Next, I replaced C2571, а 1004F 
63VW electrolytic in the vertical cir- 
cuit. This is obligatory as this capaci- 
tor can cause all sorts of bother in the 
vertical output and timebase stages. 
Now I was ready to fire it up and see 
what I had achieved. It still took too 
long for the picture to appear, and 
when it did the picture lacked con- 
trast. Oh dear, I thought, that tube is 
not looking too good. 

This set employs a rather elaborate 
automatic greyscale and beam current 
limiter using a TDA4580 chip 
(1С7310). This controls the beam cut- 
off point stabilisation for the CRT. 
However, problems occur when the 
tube emission is so low that it is out- 
side the capture range of the IC. 

There is a modification to cope with 
tube ageing and that is to fit a resistor. 
from the 12V rail to pin 26 of IC7300. 
This alters the cut-off control point 
within the IC. The value of this resis- 
tor varies from 82kQ to 33kQ, depend- 
ing on how bad the tube is. On bad 
sets, it can take as long as half an hour 
for the tube to come on without this 
modification. 

The other thing one can do, which 
is really only short term, is to increase 
the tube heater filament voltage by 
shorting out L5465 and/or L5466. I 
decided on this trick first, as a tempo- 
rary measure, to confirm whether it 
was a low emission tube or not. 

Unfortunately, this action was not 
conclusive. The picture did come on 
quicker but it was still lacking con- 
trast, so fitted an 82kQ resistor to pin 
26 ofIC7300 and began tracking down 
the contrast problem. 

First, I confirmed that the contrast 
control itself was working. I then dis- 
connected TR7488 (BC548), to see if 
the beam limiter was cutting in on the 
contrast. There were no problems here. 
though, the voltage on pin 19 of IC7300 
correctly swinging from 1.5-3V. 


Next, Ichecked the pulses to pin 10 
against CRO waveforms 43 and 44 
and again these were OK. These gating 
pulses are generated in the sync chip 
(IC7550 TDA8370/V2, pin 9) and feed 
various chrominance and luminance 
circuits, Any faults here can produce 
very similar contrast symptoms, as 
can an incorrectly set RF AGC control 
in the tuner IF module (as I discov- 
ered on one occasion). 

Anyway, to cut a very long story 
short, Iwas prodding away on 17300, 
looking very technical, when I no- 
ticed that I had missed resoldering a 
very dry joint on pin 28. This pin is 
the blanking input from the Teletext 
decoder module (plug/socket 6M9/ 
6T9). Exactly how this was causing 
the problem I still don't really under- 
stand, as the Teletext wasn't in use at 
that time. However, resoldering the 
pin completely fixed the problem and 
the set showed a surprisingly good 
picture. 

The 82kQ resistor which I had 
added earlier was now clearly super- 
fluous, so I removed it. Mr Evans was 
delighted with the final result when I 
demonstrated the set on soak test — 
sitting right way up of course. 


A crook Sony 


Talking about sets that are a bit long 
in the tooth, this next set is in a simi- 
lar category but even older. I mentally 
subtitled it “A crook Sony” and it 
really was crook. However, age was 
about all that this set and the previous 
set had in common. 

I seem to have serviced a lot of 
Sonys recently but, to be fair, this is 
really because they are one of the mar- 
ket leaders and there are a lot of Sony 
TV sets out there. Sony sets are gener- 
ally very reliable but one of the worst 
Tever had to deal with was this 1986 
KV2264AS. 

Normally, I avoid 10-year old TV 
sets like the plague (let alone one that's 
12 years old) but a colleague, Bill, had 
been caught with this one. Initially, it 
had looked so easy to fix but after two 
weeks, he still hadn't cracked it. And 
that created problems because he was 
about to go on a long-deserved holi- 
day to Bali and the customer was 
Screaming. 

Could I please help him out? Well, 
what can one do? — you have to help if 
it's a mate! So idiot me said “ОК. 
bring it over". My mate was around in 
nanoseconds, with the set in his arms. 


Fig.1: the microprocessor control circuitry in the Sony КҮ2264А5. A heat 
sensitive, leaky diode caused a tricky intermittent fault. 


Iasked him where the fire was but 
this went straight over his head. Fairly 
obviously, he was somewhat preoccu- 
pied with all the last minute things 
that he had to sort out before going 
away. He apologised for being in such 
arush and warned me that there might 
be collateral damage; he had had to 
brake hard to avoid a dog on the way 
over and, as he put it, “. . . the set 
didn’t like it”. 

Anyway, he plonked the set down 
and rushed out the door, shouting over 
his shoulder that the fault was no 
sound or picture. And then he was 
gone. 

When the dust had settled, I dug up 
the circuit for the RX chassis and re- 
moved the back. Unlike the well-cared 
for and immaculate Philips, the whole 
set was in pretty poor condition and 
looked as though it had had a hard 
life. It was amazing really that some- 
one still considered it worth fixing 
but I suppose a 53cm remote stereo 
TV set is still too good to dump. 

On switch on, the set displayed a 
raster but there was no picture or 
sound, as my colleague had indicated. 
The first thing I did was use com- 
pressed air to blow out the volumi- 
nous layers of dust. This done, I set 
about measuring the various voltage 
rails from the switchmode power sup- 


ply module. All were reasonable ex- 
cept the 6V rail, which was very low. 

Closer examination revealed that 
the heatshrink around C655 (220uF, 
25V), the main reservoir capacitor for 
the 6V rail, had shrunk, It obviously 
needed replacing but when Iremoved 
the module and examined the under- 
side of the PC board, I was amazed 
that the set ever worked at all. There 
were dry joints everywhere. 

I fitted another electro and spent 
the next 15 minutes reworking the 
whole board before reassembling it. 
On switch on, I was rewarded with a 
bright picture but it was predomi- 
nantly yellow and obviously lacking 
any blue. Checking out the picture 
tube socket board revealed more dry 
joints. Ireworked these but this didn't 
restore the missing blue, although 
wiggling the board brought it back 
momentarily. 

Ilooked more carefully at the socket 
and could see the telltale signs of hair- 
line cracks. Ah, ha! — this is what “the 
set didn’t like”. Installing jumpers 
across the cracks restored the blue 
permanently and after turning down 
the screen G2 control, it displayed 
quite a good picture for a set this old. 

Well, I thought, that was easy. I 
couldn’t quite see what all the fuss 
had been about and decided to leave 
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MY MATE WAS AROUND IN NANOSECONDS... 


the set on soak test while awaiting my 
friend's return. 


Bali calling 

A few hours later, I was surprised to 
get a long-distance phone call. After a 
lot of line noises, a much more re- 
laxed Bill apologised for dumping the 
set on me at such short notice and 
asked if l'd seen the fault yet? Well, of 
course I'd seen it but what did he 
mean by "yet"? 

"Ah, well, it's intermittent and takes 
hours to go off", Bill replied. He then 
went on to inform me that he had 
initially thought that the microproc- 
essor, IC001, was at fault and had 
replaced it but that hadn't fixed the 
problem. 

I told him what I had found and 
that the set was going fine now and 
had been on for a few hours already. 
He expressed surprise but was really 
insistent that he didn't think I had 
fixed it and urged me to leave it on 
test. In the meantime, Bill really had 
to go as his ice-cold martini was get- 
ting warm by the pool — and hey, first 
things first. 

Well, unfortunately, he was right; 
the next day, after it had been on for 
more than four hours, it began to in- 
termittently give no sound or picture. 
How I hate jobs like this. I was begin- 
ning to think murderous thoughts 
about Bill too. It meant tying down 
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valuable bench space and equipment 
for hours on end, monitoring life sup- 
port systems within the set until the 
fault (or faults) occurred. 

Eventually, the fault did show and I 
checked all the voltage rails from the 
power supply, as well as the auxiliary 
tails on the motherboard, but every- 
thing was OK. Because I had already 
found dry joints on the power supply 
board and CRT socket, I thought that 
it would be worth checking out the 
tuner IF module and I wasn't disap- 
pointed — it too was riddled with dry 
joints but resoldering these didn't fix 
the problem. 

Next, I tipped the set onto its front 
and examined the motherboard. The 
soldering here was quite reasonable 
and I found only two suspicious con- 
nections. I resoldered them but the 
fault persisted. 

Since it took hours for the fault to 
occur, it implied that heat was the 
most likely candidate to cause the 
fault, so freezing might also temporar- 
ily fix it. Anyway, I spent another 
half-hour on the job and expended a 
complete can of freezer but I did find 
aclue. When freezing around one end 
of microprocessor IC001 (the one Bill 
had replaced), there was a slight 
change and the picture and sound 
camo back floctingly. I was beginning 
to suspect that the new IC was also 
faulty but then I noticed that freezing 


diode D008, between pins 16 and 21, 
had much the same effect. 

Ichecked the voltage on D008's cath- 
ode and this correctly measured 4.9V, 
which is the VDD supply rail to IC001 
and other components. The anode of 
this diode is connected to the sync 
input of IC001 (pin 16) and this input 
should be at 0.4V but, in fact, varied 
around 1.4V. Because D008 is only a 
cheap small-signal silicon diode 
(ISS133T-77), I decided the simplest 
course was to replace it with a 1N4148 
and see if that had any effect. 

And that was it — the diode was the 
culprit. The voltage on its anode was 
now exactly 0.4V and heating and 
freezing it made no difference. Appar- 
ently, with the old diode in place, the 
voltage on the sync rail had switched 
off the sync to the IC and muted the 
sound and picture. 

Curious, I measured the old diode 
with a variety of digital and analog 
meters and a couple of component 
analysers. They all indicated that the 
diode was perfect and not the slight- 
est bit leaky. However, when I dug out 
my 23-year-old DSE Peak (Hioki) AS- 
100D 100kQ/V multimeter (with a 
12uA fsd torsion band movement and 
a 22.5V battery), the reverse leakage 
measured 200kQ and it varied with 
temperature (the other meters all in- 
dicated infinity). 

It is to my immense regret that me- 


ters like this aren’t made any more — 
even the batteries are no longer ob- 
tainable. I would be happy to swap a 
brand new digital meter for a good 
working secondhand meter like this 
one. I once even wrote to Hioki on this 
subject and was told there was no 
demand at all for these meters. 

Ah, well — such is life. And as for 
that rotten Bill, he had the time of his 
life at my expense! 


More ancient gear 


“TIl pick this in one!” How often 
have you boasted this to yourself, only 
to come a gutser? Or how often has a 
problem appeared so daunting, that 
you hesitated to tackle it only to find 
that it was a snack? 

Actually, 1 had no such thoughts 
along these lines when this story first 
started, It all began when a customer 
plonked a computer monitor on the 
counter and asked “Can ya fix this?". 
"This" wasan ancient Acer 500 (model 
MM211) 14-inch monochrome unit. 
And the problem? He had been run- 
ning a program when the screen sud- 
denly changed from a normal black 
background to flaring white. “And the 
text had gone all funny and blurred 
and there were a couple of tilted (re- 
trace) lines across it." 

I didn't recognise the monitor im- 
mediately and I doubted whether I 
could find a circuit for it. The only 
good point was that the customer 
wasn't in a hurry, so I told him to 
leave it with me and I'd take a closer 
look. 

Subsequently, the few biological 
kilobytes remaining in the old grey 
matter began to work. Yes, I had han- 
dled one before, several years ago and, 
yes, I should have a circuit some- 
where. It was a long search but I found 
it. And then it all came back. On that 
occasion, I had found a fault in the 
power supply (the 12V regulator had 
failed). It was an obvious fault and 
was easily fixed, as described in the 
November 1992 issue. 

Unfortunately, the circuit wasn't 
much help. It was an umpteenth gen- 
eration copy and had gone through a 
fax machine at least once. The circuit 
as such could be followed but few 
values or component numbers could 
be read. 

And there was another problem. I 
had no compatible computer with 
which to test it. I would have to bring 
the customer’s computer to the shop 


My thanks to Mr T. Robinson for 
his very informative letter in Mail- 
bag for October 1998, concerning 
car radios and vibrators. 

1 couldn't agree more, Mr 
Robinson. What a pity | didn't know 
that plug-in solid state vibrators were 
available from Arizona, USA — I cer- 
tainly would have saved a lot of time 
and bother, not to mention grey hairs. 
But | don’t subscribe to US maga- 
zines and regret that | have never 
heard of Antique Electronic Supply 
(actually, | am struggling to know 
where Arizona is)! 

However, you will be pleased to 
learn that | did consider the in- 
creased voltage when | substituted 
diodes for the 024 valve. | added a 
1000 resistor but it was too late to 
alter the circuit before reaching the 
printing deadline. 


or take the monitor to the computer. 

I took another look at the circuit. 
An obvious starting point was the 
brightness control and its associated 
circuitry. I identified this by starting 
at the picture tube grid (G1) and work- 
ing backwards. 1 found it easily 
enough; it was marked VR30-(?). 

This pot was connected between 
two rails derived from EHT trans- 
former taps at pins 5 and 7 (some of 
the few markings large enough to read). 
Pin 7 generated a positive rail via a 
surge resistor, a diode and an electro- 
lytic filter capacitor. Pin 5 generated a 
negative rail in a similar manner, with 
the diode and electro reversed. Be- 
tween these two tappings was pin 6, 
to chassis. It was easy to visualise 
how this network functioned, or how 
it could cause excessive brightness if 
something failed. 

That was the simple scenario. A 
more complex one would involve the 
video driver transistor which is di- 
rectly coupled to the picture tube cath- 
ode. The collector is supplied by the 
pin 7 rail, thereby making the cathode 
positive and the grid negative. 

If the driver transistor's operating 
conditions had been upset, the bright- 
ness circuit could also have been up- 
set. Or there could be a fault further 
back along the line, involving the next 
video transistor which is also direct 
coupled. Next was a 14-pin IC and I 
gave up at that point. 


Well, not really. I put the unit aside 
while I tackled more urgent jobs but I 
kept it in the back of my mind. Which 
of those two theories was the more 
likely one? I had probably paid less 
attention than I should have to the 
customer's fault description. What was 
it he said? — “the text was all funny 
and blurred”. 

But it wasn’t the text description 
that hit me; it was the fact that there 
was any indication of text at all. This 
suggested that the video chain was 
working right up to the picture tube 
grid. If so, the probability of the fault 
being in this part of the circuit was 
significantly reduced. 

And that put suspicion squarely 
back onto the brightness control cir- 
cuit and its two rails. And the in- 
creased brightness would make the 
negativerail the prime suspect. Which 
was where I began to kid myself that I 
could pick it in one, straight off the 
circuit. At least it was worth a try. 

I pulled the cover' off and began 
trying to relate the PC board to the 
circuit. That wasn't easy, without read- 
able figures on the circuit diagram. 
Ironically, the board itself was clearly 
marked for each component and on 
both sides of the board. 

But I still had to do it the hard way, 
starting at the brightness pot and trac- 
ing the track back to pin 5 of the EHT 
transformer. This was made more dif- 
ficult by a cramped setup and the 
need to disconnect several cables to 
gain access to both sides of the board. 

Anyway, I finally pinpointed the 
three negative rail components: ie, the 
electrolytic capacitor, the diode and 
the surge limiting resistor. An in-situ 
ohmmeter check gave a fair indica- 
tion of capacitance and ruled out any 
leakage. A similar check cleared the 
diode. 

That left only the resistor. Surely 
not — there was no sign of damage or 
overheating. But that was it; although 
marked 47Q, it actually measured 
55kQ. I replaced it, put everything 
together and took the first opportu- 
nity to take it back to the customer. 
Together we plugged it in and checked 
it out. It went like a bought one. 

So that was it. Using only the cus- 
tomer's description, a grotty circuit 
diagram, and my own grey matter, I 
was able to fix the monitor without 
even switching it on. No, I'm not boast- 
ing. I was lucky. And you don't strike 
it that lucky very often. sc 
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How many times have you wondered how hot 
an object is? It might be the heatsink in your 
latest project, the inlet or exhaust manifold in 
your car or anything else that’s hot or cold. 
Now you need wonder no more with this 
thermocouple adaptor for digital multimeters. 


By RICK WALTERS 


This Thermocouple Adaptor for 
DMMs can use any of several readily 
available type K thermocouple probes. 
The probe is plugged into this adaptor 
which plugs directly into your digital 
multimeter. Any digital multimeter 
will be suitable whether it has a 3.5- 
digit (1999), a 4-digit or a 4.5-digi 
display. 
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In essence, this Thermocouple 
Adaptor is a temperature to voltage 
converter. Its output is OV at 0°C and 
this increases (or decreases for nega- 
tive temperatures) at the rate of 10mV/ 
°C. This means that the temperature 
can be read directly in degrees C on a 
digital multimeter that's set to an ap- 
propriate DC voltage range. All you 


MEASURING, 
JUNCTION P 


REFERENCE 
JUNCTION 
Fig.1: the basic scheme for a 
thermocouple. It consists of two 
dissimilar metal wires joined 
together to form a measuring 
junction. The open end of the 
wires then becomes the reference 
junction. 


have to remember is to divide the 
reading in millivolts by 10. 
Thethermocouple probe you choose 
will depend on the temperature you 
want to measure and how much you 
want to pay. You can pick up a low 
cost bare-wire thermocouple which 
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TYPE K THERMOCOUPLE ADAPTOR 


will cover the range from -40°C to 
250°C or you can go fora more expen- 
sive high-temperature (type K) probe 
capable of measuring from -50°C to 
600°C. 

“What's a thermocouple?” you may 
ask, Basically, a thermocouple con- 
sists of two wires which are of dis- 
similar metals (in this case Chromel 
and Alumel). The wires are connected 
at one end, which becomes the meas- 
uring junction while at the other end 
the wires are connected to a reference 
junction. 

Confused? Fig.1 shows the basic 
scheme, The measuring junction is 
placed on the object whose tempera- 
ture we want to measure. We then use 
a meter circuit to measure the voltage 
developed across the reference junc- 
tion which is normally at ambient 
temperature (ie, room temperature). 
This voltage will be proportional to 
the temperature difference between 
the measuring junction and the refer- 
ence junction. 

This voltage effect is known as the 
Seebeck coefficient and is about 
40.61 V/C for a type K thermocouple. 
Note that the change in output voltage 
per °C is only approximately linear 
over a small temperature range (see 
Table 1). 

As you can see from Table 1, we are 
dealing with very small voltages here. 
This means that we need a high-gain 
circuit and we must take precautions 
to ensure that no spurious voltages 
are introduced into it. 

The adaptor described here covers 


the temperature range from -50°C to 
around +600°C with a reasonable ac- 
curacy of a few degrees at the ex- 
tremes. 


Reference junction temperature 

In the laboratory, a reference junc- 
tion can be held constant at 0°C using 
an ice bath but that’s not practical for 
a portable instrument. Instead, in this 
circuit, the reference junction floats 
at the ambient temperature. This 
means that we need to have some way 
of compensating for ambient tempera- 
ture variations in order to obtain ac- 
curate readings, 

The way around this problem is to 
use another temperature sensor to gen- 
erate a voltage that's proportional to 
the ambient temperature. This com- 
pensating voltage is then added to the 
thermocouple output and this effec- 
tively nulls out any effect from ambi- 
ent temperature changes. If the ambi- 


Chrome! & Alumel: 
What Are They? 


We've mentioned that a type-K 
thermocouple uses wires of 
Chromel and Alumel but what are 
they? You might guess that they 
are alloys and you'd be right. 
Chromel is an alloy of chromium 
and nickel which is commonly 
used in heating elements, while 
Alumel is an alloy of aluminium, 
manganese, silicon and nickel. 


Fig.2: the complete circuit 
for the Thermocouple 
Adapter. The ambient 
temperature is sensed by 
REF1 and this produces a 
compensating voltage 
which is added to the 
thermocouple's output. This 
output is amplified by IC1 
which then drives the meter 
(DMM). ZD1 provides the 
reference voltage for pin 2 
of IC1, while VR2 is used 


for calibration. 
Thermocouple 
|. Temperature Output (mV) 
L -50 -1.889 
-25 -0.968 
0 0 E| 
25 1.00 
Г 50 2022 
L 100 4.095 
200 8.137 1 
300 12.207 
400 16.395 
500 20.640 
600 24.902 


ent temperature goes up, so does the 
compensating voltage and vice versa. 

In other words, for a given input 
temperature at the measuring junc- 
tion, the output voltage from the Ther- 
mocouple Adaptor remains constant, 
regardless of the ambient temperature. 


Circuit details 


Let's now refer to Fig.2 for the full 
circuit details. The ambient tempera- 
ture is sensed by REF1, an LM335Z 
solid-state temperature sensor. This 
device generates an output voltage of 
10mV per K(elvin). Because 273.12K 
is equivalent to 0°C, its output will be 
(nominally) 2.7312V at 0°C and will 
vary by 10mV for each Celsius degree 
rise or fall. 

This voltage change is reduced to 
40.60V/C* (ie, the same as the Seebeck 
coefficient for the K-type thermocou- 
ple) by feeding the LM3352’s output 
into a voltage divider. This divider 
consists of the 100kQ, 3900 and 120 
resistors and its output is connected 
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Fig.3: install the parts on 
the PC board and install the 
wiring as shown here. The 
external battery test points 
are optional — just leave 
them out if you don't want 
them. 


in series with the negative lead of the 
thermocouple. 

Asaresult, the thermocouple's out- 
put is automatically compensated for 
ambient temperature variations. We 
still have one small problem though. 
As stated, the LM335Z has an output 
of 2.71312V at 0*C, which means that 
the output from the voltage divider 
sits at 11.73mV when the ambient 
temperature is 0°C. This 11.73mV off- 
set voltage appears on pin 3 of op amp 
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stage IC1 and needs to be cancelled 
out so that the multimeter reads ОУ 
when the probe is measuring 0°C. 

One way of doing this would be to 
feed an equal offset voltage into the 
inverting input (pin 2) of IC1. In prac- 
tice, we actually do feed in an offset 
voltage but it’s a bit more complicated 
than that, as we shall see. 

Take another look at the circuit. As 
shown, the op amp's output (pin 6) 
connects to the meter's positive ter- 


minal, while the meter’s negative ter- 
minal is connected directly toa +1.25V 
voltage reference (ZD1). Therefore, the 
meter will only read zero when the op 
amp’s output is at +1.25V. 

The reason for tying the negative 
side of the meter to +1.25V is to allow 
temperatures below 0°C to be meas- 
ured. If the meter had been tied to OV 
(GND), it would be unable to read 
down to even 0°C, since the OP07 
cannot swing all the way down OV. 

For temperatures below zero, the 
thermocouple voltage goes negative 
and pin 3 of IC1 swings below 1.25V. 
As a result, the reading on the meter 
(your DMM) will be negative — which 
is what we want. 

Now what about that offset voltage 
on pin 2 of IC1? This is set by trimpot 
VR2 which forms part of a voltage 
divider network across ZD1 (the 1.25 V 
reference). In practice, VR2 is used to 
adjust the offset voltage at pin 2 of IC1 
so that pin 6 sits at 1.25V at 0°C or 
1.45V at 20*C. 

The meter will then show the tem- 
perature directly, provided that the 
gain of IC1 is set to 246.3 (100mV/ 
40.61 V). This gain is set by the 82kQ, 
15kQ, 3900 and 12Q negative feed- 
back resistors. The 396 tolerance on 
ZD1 won't worry us, as we compen- 
sate for this when we set VR2. 

The 0.22uF capacitor across the 
feedback resistors rolls off the gain of 
1С1 above 7.5Hz. This is done to pre- 
vent any hum signals picked up by 
the thermocouple leads from overload- 
ing the circuit. 

Power for ће circuit is derived from 
separate 9V and 1.5V batteries. The 
9V battery powers most of the cir- 
cuitry, including the positive supply 
rail to IC1. The 1.5V battery is in- 
cluded solely to provide the required 
negative supply rail to the op amp 
(the op amp won't work without a 


Table 2: Resistor Colour Codes 


Value 
100kQ 
82kQ. 
39kQ 
10kQ. 
47ко 
3.9kQ 
3900 
120 
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4-Band Code (1%) 

brown black yellow brown 
grey red orange brown 
orange white orange brown 
brown black orange brown 
yellow violet red brown 
orange white red brown 
orange white brown brown 
black red black brown 


5-Band Code (1%) 

brown black black orange brown 
grey red black red brown 
orange white black red brown 
brown black black red brown 
yellow violet black brown brown 
orange white black brown brown 
orange white black black brown 
black red black gold brown 


The PC board assembly fits neatly into a small standard plastic case. Note the 
method of mounting the 0.22uF capacitor near the top of the board. 


negative supply rail). Double-pole 
switch S1 switches the power on and 
off. 

Finally, the circuit includes provi- 
sion to test the batteries under load 
without opening the case. This is done 
by connecting the wipers of switch S1 
and the OV rail to three 2.5mm bolts 
on the side of the case. When the 
power is switched on, you can easily 
check the V+ and V- voltages (with 
respect to GND) using a multimeter, 


Construction 

All the parts except for the switch, 
the meter plugs and the 9V battery are 
mounted on a small PC board. This is 


coded 04111981 and measures 56 x 
47mm. 

Before installing any of the parts, 
check the board carefully for etching 
defects by comparing it with the pub- 
lished pattern (Fig.4). It's rare to find 
any problems but it doesn’t hurt to 
make sure. 

Fig.3 shows the parts layout on the 
PC board. Begin by installing PC stakes 
at all the external wiring points, then 
install the resistors. Check each value 
on your multimeter as you proceed 
(Table 2 shows the colour codes). Once 
these are in, the semiconductors and 
the trimpots can be installed. Make 
sure that the semiconductors are all 


1 PC board, code 04111981, 56 
x 47mm 

1 thermocouple probe 

1 plastic case, 83 x 54 x 28mm, 
Jaycar HB-6015 or equivalent 

1 DPST switch (51) 

1 9V battery 

1 battery clip to suit 

1 1.5V AA cell 

1 AA cell holder, Jaycar PH-9203 
or equivalent 

1 10kQ multi-turn cermet trimpot 
(VR1) 

1 2kQ multi-turn cermet trimpot 
(VR2) 

2 banana plugs 

2 solder lugs to suit above 

4 PC stakes 

3 2.5mm x 6mm countersunk 
head bolts 

3 2.5mm nuts 

3 solder lugs to suit above 

1 3mm x 6mm countersunk head 
bolt 

1 3mm nut 


Semiconductors 

1 OPO7CN op amp, Farnell Cat. 
690-624 (IC1) 

1 LM335Z temperature sensor 
(REF1) 

1 29423 1.25V reference diode, 
Farnell Cat. 703-412 (ZD1) 


Capacitors 
2 10uF 16VW PC electrolytic 
1 0.22uF MKT polyester 


Resistors (0.25W, 1%) 


1 100ко 24.7kQ 
182kQ 13.9kQ 
139kQ 23900 
110kQ 2120 


oriented correctly and take care to 
ensure that the trimpots aren't mixed 
up. VR1 has a value of 10kQ while 
VR2 has a value of 2kQ. 

Op amp 1С1 should be directly sol- 
dered to the PC board. Do not use an 
IC socket for this device. The reason 
for this is that it's best to minimise the 
number of dissimilar metal junctions, 
as each junction is, in theory, another 
thermocouple. 

The PC board assembly can now be 
completed by installing the capaci- 
tors and the battery snap connector. 
Note that all the capacitors must be 
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The thermocouple at left (DSE Cat. Q1439) is a simple wire type which covers 
the range from -40°C to 250°C. If you want to measure higher temperatures (up 
to 600°C), you will need a probe type thermocouple such as the one shown at 
right (Jaycar Cat. QM1282) – see panel. Note that you will have to cut the plug 
off your thermocouple, so that it can be directly wired to the PC board. 


mounted with their bodies flat against 
the PC board, as shown in Fig.3. This 
is done to provide clearance for the 
9V battery. 

The 1.5V battery holder should be 
secured using a 3mm countersunk 
screw and nut. You will have to drill a 
hole through the centre of the holder 
and the PC board to fit this. Once the 
assembly is complete, cut the screw 
off level with the nut so that the bat- 
tery can be fitted. 


Drilling the case 
Before you start drilling the plastic 
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case, remove the flutes along both the 
long sides using a sharp chisel. This is 
necessary to get the PC board to fit. 

Next, drill holes in the plastic box 
for the thermocouple lead, the two 
banana plugs, the switch and the three 
2.5mm screws for the battery test ter- 
minals. Don't forget to fit a small sol- 
der lugs under each nut of the test 
terminals. 

Note that the banana plugs must be 
accurately spaced so that they can be 
plugged directly into the terminals of 
your DMM. The standard spacing is 
3/4-inch (19mm). 


Mount the two banana plugs on the 
end of the plastic box and fit a large 
solder lug under each nut. This done, 
make the connections between the PC 
board and the lugs using tinned cop- 
per wire. The short lead to the nega- 
tivebanana plug can be left bare, while 
the longer lead to the positive plug 
should be sleeved with spaghetti tub- 
ing to prevent shorts. 

Next install the battery switch and 
connect it, following the wiring dia- 
gram of Fig.3. If you want the battery 
test feature, run two leads from the 
switch to the positive and negative 
battery test terminals, plus a lead from 
the PC board to the earth terminal. 

We couldn't find a socket to match 
the thermocouple's plug, so it was 
removed and the leads soldered di- 
rectly to the PC stakes. Now before 
you cut off the plug note that it is 
polarised and you will see “+” and 
“. signs moulded into the plug hous- 
ing. When you unscrew the plug you 
will find that it has red and yellow 
wires. The red wire is positive and 
should connect to PC stake close to 
pin 3 of IC1 while the yellow wire 
connects to the other PC stake. 

The thermocouple and meter posi- 
tive stakes will have to be trimmed, to 
allow the battery to sit low enough for 
the lid to fit properly, 

Finally, complete the wiring by fit- 
ting the battery snap connector and 
running the leads to the battery holder. 

If you don’t like shoehorning all 
this into the plastic box we have spec 
fied, use a larger box. Dick Smith Elec: 
tronics has a box (DSE Cat. No H- 


It’s a tight squeeze 
when the 9V battery is 
installed but it all fits. 
The meter plugs must 
be spaced so that the 
unit can be plugged 
directly into a digital 
multimeter. 


2874) which is 40mm high instead of 
28mm and will give you lots more 
room (but at greater cost). 


Calibration 


This is the easiest part of the whole 
project. First, set your DMM to the 
10V range and connect it across the 
two outer terminals of VR1. The best 
way to do this is to connect the posi- 
tive meter lead to the end of the 100kQ 
resistor that's adjacent to REF1 and 
the negative lead to a convenient 
ground point. 

Now apply power and allow five 
minutes for the circuit to stabilise. 
This done, place an accurate thermo- 
meter on REF1, allow it to stabilise 
and adjust VR1 until the meter reads 
2.7312V + (temperature/100). For ex- 
ample, if the temperature is 23°, you 
adjust VR1 for a reading of 2.7312 + 
0.23 = 2.9612V. Of course, if you have 
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a 3.5-digit multimeter, the best you 
can do isa reading of 2.961V or 2.962V; 
the resolution that you can attain de- 
pends on the number of digits on your 
multimeter's display. 

Now connect your DMM to the 
METER + and - terminals (ie, to the 
meter plugs), set it to the 2V range and 
adjust VR2 for a reading of 0.230V 
(230mV). This corresponds to a read- 
ing of 23.0° which is the same as the 
reading on the thermometer. 

And that's all there is to it; the cali- 
bration procedure is complete. 


Interpreting readings 

If you are using a 3.5-digit meter, 
the 2V range will cover temperatures 
from -50°C to 199°C. This should in- 
clude most of the everyday tempera- 
tures you will want to measure. The 
20V range will need to be selected to 
cover temperatures from 200-600°C. 


Choosing A Thermocouple 


As mentioned in the main body of the text, this project uses a type-K 
thermocouple. There are several units that are readily available and these 
are sold by Dick Smith Electronics (DSE) and by Jaycar. These are as 


follows: 


DSE Cat. 01438: -50°C to 1200"C ($99.95) — probe type 

DSE Cat. Q1439: -40*C to 250°C ($19.95) — wire type 

Jaycar Cat. QM1282: -40*C to 750*C ($14.95) — probe type 

Note: this adaptor can only measure to just above 600°C due to circuit 


limitations. 


THERMOCOUPLE 
INTERFACE 


METER 2V 
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Fig.4: the full-size artworks for 
the front panel and PC board. 


As stated earlier, you must convert 
the reading on the DMM to millivolts 
and then divide by 10 to get the tem- 
perature in °C. For example: 

(1) the meter reading is 4.73V. In this 
case, 4.73V = 4730mV and so the tem- 
perature is 4730/10 = 473°C, 

(2) the meter reading is 0.673V. This is 
equivalent to 673mV and so the tem- 
perature is 67.3*C. 

Finally, if you plan to use the adap- 
tor to measure temperatures within a 
specific range (eg, 100-250°C), greater 
accuracy can be achieved by calibrat- 
ing the unit at the mean temperature 
within this range (175°C for the exam- 
ple given). This involves subjecting 
the probe to this mean temperature 
and then adjusting VR2 to obtain the 
correct meter reading. sc 
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December 1993: Remote Controller For Garage Doors: LED Strobo- 
Scope: 25W Amplifier Module; 1-Chip Melody Generator; Engine 
‘Management, Pt.3; Index To Volume б. 


January 1994: 3A 40V Adjustable Power Supply; Switching Regula- 
tor For Solar Panels. Printer Status Indicator. Mini Dril Speed 
Controller, Stepper Motor Controller; Active Filter Design; Engine 
Management, Pt.4. 


February 1994: Build А 90-Second Message Recorder; 12-240VAC 
200W Inverter; 0.5W Audio Amplifier, ЗА 40V Adjustable Power 
Supply; Engine Management, Pt.5; Airbags — How They Work. 


March 1994: Intelligent IR Remote Controller; SOW (LM3876) Audio 
Amplifier Module; Level Crossing Detector For Model Ral 
Voice Activated Switch For FM Microphones; Simple LED Chaser: 
Engine Management, Р.В. 


Api 1994: Sound & Lights For Model Railway Level Crossings; 
Discrete Dual Supply Voltage Regulator, Universal Stereo Preampli- 
fier; Digital Water Tank Gauge; Engine Management, Pt.7. 


May 1994: Fast Charger For Nicad Batteries; Induction Balance Metal 
Locator; Multi-Channel Infrared Remote Control; Dual Electronic 
Dice; Simple Servo Driver Circuits; Engine Management, РЕ; Pas- 
sive Rebroadcasting For TV Signals 


‘June 1994; 200W/350W Mostet Amplifier Module; A Coolant Level 
‘Alarm For Your Car; 80-Metre AM/CW Transmitter For Amateurs: 
Converting Phono Inputs To Line Inputs; PC-Based Nicad Battery 
Monitor; Engine Management, PLS, 


July 1994: Build A 4-Bay Bow-Tie UHF Antenna; PreChamp 2- 
Transistor Preamplifier: Steam Train Whistle & Diesel Horn Simula- 
tor Portable BY SLA Battery Charger; Electronic Engine Manage- 
ment, Pt. 


August 1994: High-Power Dimmer For Incandescent Lights: Micro- 
Yocessor-Controlled Morse Keyer, Dual Diversity Tuner For FM 
licrophones, Pt.1: Nicad Zapper; Engine Management, Pt 11 


‘September 1994: Automatic Discharger For Nicad Battery Packs: 
‘MiniVox Voice Operated Relay; {mage Intensited Nignt Viewer, АМ 
Radio For Weather Beacons; Dual Diversity Tuner For FM Micro- 
phones, Pt.2; Engine Management, Pt.12. 


October 1994: How Dolby Surround Sound Works; Dual Rail Varí- 
Ai Fower Supply: Bulg А Talking Headlight Reminder: Electronic 

llast For Fluorescent Lights: Build A Temperature Controlled Sol- 
ring Station; Electronic Engine Management, РЇ 13. 


November 1994: Doy Cel Battery Rejuvenator, Novel Alphanumeric 
Glock; 80-Metre DSB Amateur Transmitter; Twin-Cell Nicad Dis- 
charger (See May 1993); Anti-Lock Braking Systems: How To Plot 
Patterns Direct to PC Boards. 


December 1994: Dolby Pro-Logic Surround Sound Decoder, Pt.1; 
Easy To-Buld Car Burglar Alarm; Three-Spot Low Distortion Sinewave 
Oscilator; Clifford — A Pesky Electronic Cricket; Remote Control 
System for Models, Pt. Index to Vol.7. 


January 1995: Sun Tracker For Solar Panels; Battery Saver For 
Torches; Dolby Pro-Logic Surround Sound Decoder, Pt2: Dual 
Channel UHF Remote Control; Stereo Microphone Preamplifier. 


February 1995: 50-WatyChannel Stereo Amplifier Module: Digital 
Effects Unit For Musicians; 6-Channel Thermometer With LCD 
Readout: Wide Range Electrostatic Loudspeakers, РІЛ: О! Change 
Timer Far Cars; Remote Control System For Models, PLZ 


March 1996: 50 Watt Per Channel Stereo Amplifier, P 1: Subcerrier 
Decoder For FM Receivers; Wide Range Electrostatic Loudspeakers, 
PLZ. IR Illuminator For CGD Cameras; Remote Control System For 
Models, РЗ; Simple CW Filter. 


April 1995: FM Radio Trainer, Pt 1; Photographic Timer For Dark- 
тоот; Balanced Microphone Preamp. & Line Filter; S0W/Channe! 
Stereo Amplifier, Pt.2: Wide Range Electrostatic Loudspeakers, Pt.3; 
Channel Decoder For Radio Remote Control 


May 1995: What To Do When the Battery On Your PC's Motherboard 
Goes Fiat; Build A Guitar Headphone Amplifier, FM Radio Trainer, 
Pt.2; Transistor/Mosfet Tester For DMMs; А 16-Channel Decoder For 
Radio Remote Control Introduction to Satelite TV. 


dune 1995: Build A Satelite TV Receiver; Train Detector For Model 
Railways; 1W Audio Amplifier Trainer; Low-Cost Video Security 
System; Multi-channel Radio Control Transmitter For Models, Pt 1. 
Build A $20 Digital Mulumeter. 


duly 1995: Electric Fence Controller: How To Run Two Trains On A 
Single Track (Incl. Lights & Sound); Setting Up A Satelite TV Ground 


Station; Build A Reliable Door Minder, Adding RAM To A Computer. 


‘August 1995: Fuel Injector Monitor For Cars: Gain Controlled Micro- 
phone Preamp: Audio Lab PC Controlled Test Instrument. Pt. 
Mighty Mite Powered Loudspeaker: How To Identify IDE Hard Disc 
Drive Parameters. 


‘September 1995: Keypad Combination Lock: The Incredible Vader 
Voice: Railpower Mk2 Walkaround Throttle For Model Railways, 
PL; Jacob's Ladder Display: The Audio Lab PC Controlled Test 
Instrument, PL2. 


October 1995: Geiger Counter; 3-Way Bass Reflex Loudspeaker 
System: Ralpower Mk-2 Walkaround Throttie For Model Railways, 
PL2; Fast Charger For Nicad Batteries: Digital Speedometer & Fuel 
Gauge For Cars, Pt.1. 


November 1995: Mixture Display For Fuel Injected Cars: CB Trans- 
verter For The 80M Amateur Band, PL1; PIR Movement Detector, 
Dolby Pro Logic Surround Sound Decoder Mk 2, Pt.1: Digital Speed- 
meter & Fuel Gauge For Cars, PL2. 


i: Engine Immobiliser; 5-Band Equaliser; CB 
80M Amateur Band, Р1 2 Subwoofer Controller; 
Dolby Pro Logic Surround Sound Decoder Mk 2, Pt 2; Knock Sens- 
Ing In Cars; Index To Volume 8. 


January 1996: Surround Sound Mixer & Decoder, PL t: Magnetic 
Card Reader: Build An Automatic Sprinkler Controller: ÎR Remote 
Fanta For The Rapower MZ; Recharging Nicad Bateries For 


February 1996: Three Remote Controis To Build; Woofer Stopper 
M2; 10-Minute Kill Switch For Smoke Detectors: Basic Logic 
Trainer; Surround Sound Mixer & Decoder, Pt.2; Use your PC AS A 
Reaction Timer, 


March 1996: Programmable Electronic ignition System; Zener Diode 
Tester For ОММ: Automatic Level Control For PA Systems. 20ms 
Delay For Surround Sound Decoders; Multi-Channel Radio Control 
Transmitter, PL2; Cathode Ray Oscilloscopes, Pt.1 


‘April 1996: Cheap Battery Refills For Mobile Telephones: 125W 
Power Amplifier Мойше; Knock Indicator For Leaded Petrol Engines; 

Mutt Channel Radio Control Transmitter РЗ; Cathode Ray Oscilo- 
scopes, 


May 1996: Upgrading The CPU in Your PC; Bulld A High Voltage 
Insulation Tester; Knightrider Bi-Directional LED Chaser. Simple 
Duplex Intercom Using Fibre Optic Cable; Cathode Ray Озойо- 
Scopes, 


dune 1996: BassBox CAD Loudspeaker Software Reviewed: Stereo 
‘Simulator (uses delay chip): Rope Light Chaser; Low Ohms Tester 
For Your DMM; Automatic 10A Battery Charger. 


July 1996: Installing а Dual Boot Windows System On Your PC; Build 
AVGA Digital Oscilloscope, PL: Remote Control Extender For VCRs; 
2A SLA Battery Charger; 3-Band Parametric Equaliser, Single Chan- 
nel &-bit Data Logger. 


‘August 1996: Electronics on the Internet: Customising the Windows 
Desktop: Introduction to IGBTs: Electronic Starter For Fluorescent 
Lamps; VGA Oscilloscope, Pt2: 350W Amplifier Module: Masthead 
Amplifier For TV & FM; Cathode Ray Oscilloscopes, PL4. 


September 1996: VGA Oscilloscope, PL3: IR Stereo Headphone 
Link. Pt.1; High Quality PA Loudspeaker: 3-Band HF Amateur Radio 
Receiver: Feedback On Programmable ignition (see March 1996). 
Cathode Ray Oscilloscopes, PL. 


October 1996: Send Video Signals Over Twisted Pair Cable: Power 
Control With A Light Dimmer: 800W DC-DC Converter For Car Hifi 
Systems, PL1; IR Stereo Headphone Link, PL2: Multi-Media Sound 
System, РЫЛ: Multi-Channel Radio Contro Transmitter, PLB. 


November 1996: Adding A Parallel Port To Your Computer: 8- 
Channel Stereo Mixer, Pt.1 Low-Cost Fluorescent Light Inverter, 
How To Repair Domestic Light Dimmers; Multi-Media Sound Sys- 
tem, PL2: 600W DC-DC Converter For Car Hifi Systems, Pt 2. 


December 1996: CO Recorders — The Next Add-On For Your РС: 
Active Fiter Cleans Up CW Reception; Fast Cock For Railway Model- 
lers; Laser Pistol & Electronic Target: Build A Sound Level Meter: 8- 
Channel Stereo Mixer, Р1 2: Index To Volume 9. 


January 1997: How To Network Your PC; Control Panel For Multiple 
Smoke Alarms, Pt.1: Build A Pink Noise Source (For Sound Level 
Meter Calibration): Computer Controlled Dual Power Supply, PL: 
Digi-Temp Monitors Eight Temperatures. 


February 1997: Cathode Ray Oscilloscopes, PL6; PC-Controlled 
Moving Message Display. Computer Controlled Dual Power Supply, 
PLZ: Alert-A-Phone Loud Sounding Alarm; Control Panel For Mutti- 
ple Smoke Alarms, Pt.2. 


March 1997: Driving A Computer By Remote Control Plastic Power 
PA Amplifier (175W): Signaling & Lighting For Model Railways: 
Build А Jumbo LED Clock. Audible Continuity Tester, Cathode Ray 
Oscilloscopes, PL7. 


April 1997: Avoiding Winds Hassles With Motherboard Upgrades; 
‘Simple Timer With No ICs: Digital Voltmeter Far Cars: Loudspeaker 
Protector For Stereo Amplifiers: Model Train Controller; A Look At 
Signal Tracing: РЕЯ: Cathode Ray Osciloscopes. PLé 


May 1997: Windows 95 — The Hardware Require: Teletext Decoder 
For PGs: Build An NTSC-PAL Converter; Neon Tube Modulator For 
Light Systems; Traffic Lights For A Model Intersection; The Spacewriter 
= It Writes Messages In Thin Air; A Look At Signal Tracing; PL2- 
Cathode Ray Oscilloscopes, PL. 


June 1987: Tuning Up Your Hard Disc Drive; PC-Controlled Ther- 
‘mometer/Thermostat; Colour TV Pattern Generator, РЛ; Build An 
Audio/RF Signal Tracer High-Current Speed Controller For 12V/24V. 
Motors; Manual Control Circuit For A Stepper Motor, Fail-Safe Mod- 
ule For The Throttle Servo; Cathode Ray Oscilloscopes, Pt. 10. 


July 1997: infrared Remote Volume Control; A Flexible Interface 
Card For PCs; Points Controller For Model Railways; Simple Square/ 
Triangle Waveform Generator; Colour TV Pattern Generator, PL2; An. 
In-Line Mixer For Radio Control Receivers; How Holden's Electronic 
Control Unit works, РЛ. 


‘August 1997: The Bass Barrel Subwoofer: 500 Watt Audio Power 
Amplifier Module; A TENs Unit For Pain Reli: Addressable PC Card 
For Stepper Motor Control; Remote Controlled Gates For Your Home; 
How Holden's Electronic Control Unit Works, PL2. 


‘September 1997: Multi-Spark Capacitor Discharge Ignition; SOQW. 
‘Audio Power Amplifier, Pt2: A Video Security System For Your 
Home; PC Card For Controlling Two Stepper Motors; НН On A 
Budget; Win95, MSDOS.SYS & The Registry. 


October 1997: Bulld A 5-Digit Tachometer; Add Central Locking To 
Your Car; PC-Controlled 6-Channel Voltmeter; The Flickering Flame 
Stage Prop: 500W Audio Power Amplifier, Pt3; Customising The 
Windows 95 Start Menu. 


November 1997: Heavy Duty 10A 240VAC Motor Speed Controller 
Essy-To-Use Cable & Wiring Tester; Regulated Supply For Darkroom 
Lamps; Build A Musical Doorbell; Relocating Your CD-ROM Drive; 
Replacing Foam Speaker Surrounds: Understanding Electi Light- 
ing Put. 


December 1997: А Heart Transplant For An Aging Computer: Build A 
Speed Alarm For Your Car; Two-Axis Robot With Gripper: Loudness 
Control For Car Hifi Systems; Stepper Motor Driver With Onboard 
Butter: Power Supply For Stepper Mator Cards; Understanding Elec- 
tric Lighting Pt.2; Index To Volume 10. 


January 1998: Build Your Own 4-Channel Lightshow, Pt.1 (runs off 
12\0С or 12VAC); Command Control System For Model Railways, 
Pt; Pan Controller For ССО Cameras; Build A One Or Two-Lamp. 
Flasher, Understanding Electric Lighting, РІЗ, 


February 1998: Hot Web Sites For Surplus Bits: Multi-Purpose Fast 
Battery Charger, PL; Telephone Exchange Simulator For Testing: 
Command Control System For Model Rallvays, PL.2: Demonstration 
Board For Liquid Crystal Displays: Build Your Own 4-Channel 
Lightshow, PL2; Understanding Electric Lighting, Pt.4. 


Мау 1908: Troubleshooting Your PC, PL: Buld A SED Loge 
Probe A Detector For Metal Objects: Automatic Garage Door Opener, 
PL2; Command Control For Model Railways, Pt.4; 40V ВА Adjustable 
Power Supply, PL. 


June 1998: Troubleshooting Your PC, Pt.2: Understanding Electric 
Lighting, Pt.7: Universal High Energy ignition System: The Roadies" 
Friend Cable Tester: Universal Stepper Motor Controller; Command 
Control For Model Railways, Р15. 


July 1998: Troubleshooting Your PC, Pt.3 (Installing A Modem And 
Sorting Out The Problems): Build A Heat Controller: 15-Watt Class-A 
Amplifier Module; Simple Charger For 6V & 12V SLA Batter 
Automatic Semiconductor Analyser; Understanding Electric Light 
ing, PLB. 


‘August 1998: Troubleshooting Your PC, Pt 4 (Adding Extra Memor 
То Your РС); Bulld The Opus One Loudspeaker System; Simple I 
Card With Automatic Data Logging; Bulld A Beat Triggered Strobe; A 
15-Watt Per Channel Class-A Stereo Amplifier. 


September 1998: Troubleshooting Your PC, Р15 (Software Prob- 

lems & DOS Games): A Blocked Air-Filter Alarm, A Waa-Waa Pedal 

For Your Guitar, Bull A Plasma Display Or Jacob's Ladder; Gear 

Change Indicator For Cars; Capacity Indicator For Rechargeable 
teres 


ctoter 1998: CPU Upgrades & Overclocking: Lab Quality AC 
Milivoltmeter, PL1; PO-Controlled Stress-O-Meter Versatile Elec- 
tronic Guitar Limiter, 12V Trickle Charger For Foat Conditions, 
Adding An External Battery Pack To Your Flashgun, 


November 1998: Slicon Chip On The World Wide Web; The Christ- 
mas Star(Microprocessor-Controlied Christmas Decoration); A Turbo 
Timer For Your Car, Build Your Own Poker Machine, PLT. An FM 
‘Transmitter For Musicians: Lab Quality AC Millwoitmeter, Pt.2: 
Beyond The Basic Network (Setting Up A LAN Using TCP/IP); Ünder- 
standing Electric Lighting, PLS. 


PLEASE NOTE: November 1987 to August 1988, October 1988 to 
‘March 1989, June 1989, August 1989, December 1989, May 1980, 
August 1981, February 1992. July 1992, September 199. November. 
1982, December 1992, March 1998 and April 1998 are now sold out. 
All other issues are presently in stock. For readers wanting articles 
{rom sold cut isaues, we can supply photostat copies (or teat sheets) 
at $7.00 per article (inciudes p&p). When supplying photostat arti- 
les or back copies, we automatically supply any relevant notes & 
errata at no extra charge. A complete index to all articles published to 
date is available on floppy disc for $10 including рар. 
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A Regulated 12V DG Plugpack 


fora 
Couple of 
Bucks... 


By Ross Tester 


First, let's look at these ubiquitous 
plugpacks. By definition, these are 
supplies which are designed to hang 
off a standard 240VAC power point. 
They come in a wide range of voltage 
and current ratings; some are AC out- 
put and some are DC. They're com- 
pact, safe and convenient. But they're 
not perfect. They have a couple of 
disadvantages. 

For a start, most DC plugpacks suf- 
fer badly from hum (or should that 
read the devices to which they con- 
nect can suffer badly...). The reason is 
simple – ћеу usually only have a bare 
minimum of filter capacitance for their 
rated load current. 

So while they may be perfectly ad- 
equate for many jobs, if you use them 
to powera small tape deck, DC player 
oramplifier, hum on their output will 
be audible — and annoying! 

The other major drawback of 
plugpacks is poor regulation. This 
moans is that thore is a wide disc 
ancy between their open-circuit (ie, 
no-load) voltage and their full rated 
load voltage. A typical DC plugpack 
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Nokia plugpack from Oatley 
Electronics is rated at 13.8V 1A but 
measured over 17V no-load. Poor 
regulation is typical of plugpacks, as 
is an excess of hum in the DC output. 


As a hobbyist, the 
chances are you 
have collected 
several plugpack 
power supplies over 
the years because, 
well, they’re too 
good to throw away, 
aren't they? 
"Here's how to turn 

a surplus plugpack 
into a fully 
regulated supply for 
next to nothing! 


might be rated at 12V and 1A but 
when you measure its voltage without 
a load you're likely to find it is 17V or 
more. 

Sure, when it's supplying the rated 
current the output might fall to nearly 
12V but most electronic devices don't 
draw their full rated current all the 
time. So the supply voltage could be 
varying all over the shop. 

Making the situation worse is the 
input voltage. While the mains volt- 
age is a nominal 240VAC it can vary 
quite widely. Here at the SILICON CHIP 
office it seldom falls below 252-253V. 
One of our staff members regularly 
cops 260V (he's at the top end of a 
very long power feeder). My house, 
only a few kilometres away, averages 
about 243VAC. 

The problem is that if the mains 
voltage is high, so will be the output 
of the plugpack. Combine this with 
poor regulation and a plugpack rated 
at 12V DC could easily deliver more 
than 18V if the mains voltage is high! 

Aren't most devices designed to 
cope with variations in input voltage? 


Well, yes and no. But feeding more 
than 17V to a device calling for 12V. 
DC can be risky; you could blow it up. 
As a matter of fact, if you have a 
switchable plugpack with outputs of 
say 6V, 9V and 12V, it is generally 
better to switch it to 9V when powering 
something calling for 12V; it is better 
to be safe than sorry. 

But wouldn't it be better still to 
have a 12V plugpack which delivered 
agenuine 12V DC all the time, regard- 
less of the load current and input 
mains voltage? And wouldn't it be 
better again if it had very low hum 
output? You can achieve this fairly 
easily by putting a regulator circuit 
inside the plugpack itself, This can be 
done with the good old garden-variety 
78xx 3-terminal regulator. 

There are a couple of wrinkles one 
has to take into account — for example, 
the 78xx series of regulators in TO-220 
cases all need an input voltage about 
2.5V above their rated output voltage 
to regulate properly. But under nor- 
mal circumstances they're almost in- 
destructible - overloading/overheating 
and even shorting will simply cause 
them to shut down. 


The regulated plugpack 

You can presently buy a regulated 
plugpack without too much drama. 
But they're not cheap - at least thirty 
dollars or so and typically about ten 


dollars dearer than an equivalent un- 
regulated model. 

But this article is intended for those 
who have a plugpack or two lying 
around — possibly once connected to 
something which has failed but you've 
kept the plugpack. 

For the cost of a regulator (less than 
$1.50), a small capacitor (no more than 
50c if you have to buy one) and per- 
haps a LED and resistor (another 50c 
or less) you can turn that plugpack 
into a regulated supply in an hour or 
less. Note that we are not talking about 
piddly little 200mA or even 500mA 
plugpacks — there isn't a great deal of 
room in them at the best of times. No, 
this article is aimed at the larger 
plugpacks, typically rated at 1A or 
1.5A. Usually these plugpacks have 
enough space inside the case and also 
have benefit of a larger filter capacitor 
into the bargain 

What we are going to do here is 
show you how to get the plugpack 
case open without destroying it, fit 
the ex 'omponents required and 


Before we start though, a word on 
legalities: to be sold in Australia, 
plugpacks must be type-approved — 
that is, they must meet certain stand- 
ards on safety (mainly insulation) and 
ion. Opening the case of the 
supply will almost certainly void that 
type approval; fitting new components 


Fig. 1: this 'scope screen dramatically illustrates one of the major drawbacks of 


plug-packs: hum. The top trace show 


the plngpack supply output before 


modification with severe 100Hz hum — 700mV peak-to-peak. This would play 
havoc with an amplifier. The bottom trace shows the output after the regulator 
with just 1.5mV pk-pk of hum and noise . The load in both cases was 600mA. 


OPENING UP THE 
WELDED PLASTIC CASE 


Gently but firmly squeeze the join 
just nipped in a vice. Tap gently 
with a ball peen hammer as you 
tighten the vice. 


Repeat for the opposite end then 
the sides. Here you can see the join 
just opening up under the pressure. 


Once the join is cracked, a flat 
blade such as a table knife will 


help break the weld. 


Finally, lever the two halves apart 
out of the vice, again using the 
knife (or even two knives). 
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This is what we found when the case was opened: a 6A 
bridge rectifier and, importantly, a nice, big smoothing 
capacitor (4700uF). The 3.9kQ resistor just visible under по 
the bridge is probably there to give some minimum 
loading but it is redundant after our mods. We've 
ignored it for the sake of clarity in this article. 


certainly will, if only because the de- 
vice hasn't been tested. 

However, we are only adding com- 
ponents to the secondary side of the 
transformer, not the bitey side. In fact, 
we don't even touch the transformer - 
itstays locked into place exactly where 
the manufacturer put it. 


Getting started 

As Mrs Beaton's cook book states, 
first catch your hare, or in this case, 
your plugpack. What you need is one 
nominally rated a bit over 12V DC 
(13.8V is common; up to 15V DC is 
OK) rated at 1A or 1.5A; anything 
larger and the transformer will prob- 


EXISTING PLUG-PACK 
COMPONENTS 


ably take up too 
much space. 

We did mention 
before that the regu- 
lator needs an input 


rated output yet 
we're using a supply 
rated at 13.8V. Yes, 
we know that 12 4 
2.5 doesn't equal 13.8 
but we are relying on 
the poor regulation of 
the plugpack. The 
output voltage will 
normally be some- 
what higher than 
14.5V (in fact, ours 
measured 17.3V with 
load and a 
240VAC input). 


The surgery 

The first step is to 
open the welded plastic case. These 
cases are made in two halves, one of 
which fits into a recess in the other. 
When assembled, they are welded 
(very occasionally glued) together. 
What we have to do is break that weld 
(or glue) without destroying the case. 

Fortunately, this is fairly easy to do 
once you know the trick which is to 
apply just enough pressure to make 
the weld crack open. We do this by 
gently squeezing the joins (and just 
the joins) ina vice. The photos give an 
indication of how it is placed. 

Start with the shorter sides as these 
are easiest to handle. Place the 
plugpack in the vice using some jaw 


protectors (to prevent damage to the 
case surface) and tighten the handle 
up to a firm but not tight grip. 

Each time you slightly tighten the 
vice grip (no more than about a tenth 
ofa turn at a time) gently tap the join 
with, say, a ball peen hammer. Before 
too long, you should hear a reassuring 
"crack" as the weld gives way. 

Repeat this for the opposite end, 
then for the two longer sides. What 
happens next depends on how lucky 
you have been. Sometimes you'll find 
thetwo halves ofthe case can be pulled 
apart at this stage but more likely than 
not you'll need to gently prise apart 
the two halves. 

A wide, flat bladed knife such as a 
kitchen or table knife is best. Any- 
thing smaller, such as a screwdriver, 
is likely to mar or even tear the case 
and you don't want that. Once you've 
been able to get one or two knives 
between the case halves you should 
be able to gradually work around the 
case, prising it apart as you go. If all 
the welds have been cracked, it nor- 
mally doesn't take too much effort to 
separate the halves. 

Sometimes some of the plastic in 
the join breaks instead of the weld. If 
not too much, this is not too serious 
because you will be gluing it all back 
together anyway. 


The transplant 

Once apart, you can see what work 
you have to do to include the new 
components. Again if luck is with you, 
you will find a PC board which can be 
slightly modified. However, we have 


COMPONENTS AND 
LEADS SOLDERED 
OFF BOARD 


+ 
OUTPUT. 


o «ll ||- 
i REGI SOLDERED INTO NEGATIVE 
П А ‘ORIGINAL POSITIVE TRACK 
AND NEGATIVE 
160 OUTPUT LEAD HOLES_ 


12V REGULATED PLUG-PACK 


Fig. 3: the circuit of the retro-fitted plugpack. Only 
four extra components are needed and these all 
mount within the existing plugpack. The most 
difficult part is getting the case apart! 


Fig. 4: we were able to use the existing PC board to 
mount some of our components. If you think soldering 
components in mid-air is not ideal, you're right — but 
some plugpacks are made entirely this way! 


А 
= | ушр! 
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seen some plugpacks where the com- 
ponents are simply soldered to each 
other. The modifications are then not 
quite as simple but possible nonethe- 
less. 

Inside most plugpacks, all you will 
find is a rectifier and a filter capacitor. 
The rectifier could be either a 
four-terminal bridge or it could be 
four individual diodes forming a 
bridge. Very occasionally, you'll find 
a centre-tapped transformer has been 
used with two diodes in full-wave 
centre tapped configuration. 

Regardless of the type, we don't 
have to modify the rectifier in any 
way. Following the rectifier will nor- 
mally be an electrolytic filter capaci- 
tor. In our plugpack there was also a 
3.9kQ resistor but this can be ignored 
because its effect is minimal. 

In the case we pulled apart for this 
article, we were delighted to find a 
4700НЕ 25V type which provides a 
good level of filtering. In some 
plugpacks, though, we've found ca- 
pacitors as small as 470uF — barely 
adequate and voltage ratings down to 
16V — certainly inadequate. 

16V is sailing very closeto the wind, 
with the capacitor operating right on 
(or more likely slightly over) its lim- 
its. It has no margin for safety — for 
example, to handle any voltage spikes. 
If you find a low value, low voltage 
capacitor it is be a good idea to re- 
place it (if possible) with a more suit- 
able type. At a minimum, we would 
suggest 2200uF 25 VW; anything larger 
is a bonus if it will fit. (There's no 
point in fitting one with a high voltage 


These photos show the front and back of the PC board after the new 
important — as long as everything fits and the assembled board fits b; 


enough room between the bridge rectifier (black component on bos 


Parts List 


1 Plugpack power supply rated 
approx 13.8-15VDC @ 1A 


1 7812 positive voltage regulator 
1 5mm LED, any type 


1 10uF 16VW electroyltic. 
capacitor 


1 2.2kQ 1/4W resistor 


rating; all else being equal, go for in- 
creased capacitance). 

Speaking of space, some of that is 
going to be needed for the regulator 
and one or two other components we 
haven't mentioned yet. First ofall, we 
need to put a small electrolytic ca- 
pacitor across the output of the regu- 
lator to make sure that it does not 
oscillate supersonically. 

Secondly, the regulator doesn't like 
being left unloaded — it needs a small 
output current at all times. One way 
to do this is simply place a resistor 
across the output to draw a few 
milliamps at all times. 2.2kQ will give 
us about 5mA. But if we're going to 
throw away a few milliamps, why not 
feed it through a LED which will also 
give us a power on indicator. 

Gilding the lily? Perhaps - but there 
was a convenient hole in the case for 
the LED and LEDs cost only 30 cents, 
so why not! 


Fitting it all in 
Your next step, as was ours, is to 


decide how to mount the regulator, 
capacitor and resistor for the LED (the 


LED itself was on the case top, con- 
nected by two strands of rainbow ca- 
ble). 

The3-terminal regulator is mounted 
effectively in series with the output of 
the plugpack. We already had two 
holes in the PC board for the output 
leads —plus and minus. Removing the 
output leads gave us two of the three 
mounting points we needed for the 
regulator — input and ground. It was a 
simple matter to drill a new hole on 
the negative supply track of the PC 
board for the negative output lead. 

The output terminal of the regula- 
tor and with it the connection of the 
positive output lead, the positive side 
of the extra capacitor and connection 
for the LED proved to be not quite so 
simple. So we cheated a bit. Instead of 
trying to mount all of the above on the 
PC board, we bent the output lead of 
the regulator back up through 180 de- 
grees and used this asa terminal point. 

The extra 10ЏЕ capacitor across the 
output was mounted with its negative 
lead going through a hole drilled into 
a suitably close point on the negative 
track and the positive lead was bent 
back up the capacitor body and sol- 
dered to the regulator output lead. 
These two leads were rigid so they 
stayed in position to solder. 

The other connections, the output 
positive lead and the positive going to 
the LED were first twisted together 
and soldered to make them easier to 
solder to the regulator output. We've 
already mentioned that we drilled two 
new holes in the negative track for the 
negative output lead connection and 


components were added. Exact placement isn't too 
ack in the case. We were lucky — there was just 
ard edge) and the main filter electrolytic capacitor. 
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negative end of the 10uF capacitor. 
Wealso drilled a new hole in the same 
track for the. 2.2kQ resistor to stand 
end-on, with the other pair ofthe rain- 
bow cable leads to the LED soldered 
to the top of this resistor. 

There probably won't be a hole in 
your case for the LED – this will have 
to be drilled. If you're careful with the 
size you can make the LED a tight fit 
in the hole. A tiny drop of super glue 
will then hold the LED in place. 

Where there was any danger of fly- 
ing leads coming off - eg, on the LED, 
and the top of the resistor — we cov- 
ered them with short lengths of 
heatshrink sleeving. 

Last of all, we fitted a small 
U-shaped heatsink to the regulator, 
using a small amount of heatsink com- 
pound to improve thermal conductiv- 
ity. There is no need to use insulating 
washers or bushes unless there is any 
danger of the heatsink contacting any- 
thing else. 

That brings us to the final check — 
making sure that nothing is touching 
anything that it shouldn't be and that 
nothing will be pushed out of posi- 
tion when the two halves of the case 
are recombined. 

If there is any danger of this hap- 
pening, fit insulation between the of- 
fending components. 

Testing it 

It is quite safe to plug in the supply 
without assembling the case because 
the transformer completely shields the 
240VAC connections. 

Nevertheless, turn the power point 
off before plugging it in. 

The first check is to make sure that 
the LED lights. If it does, measure the 
output voltage — it should be very 
close to 12V. Due to manufacturing 
tolerances, the actual output voltage 
could be anywhere from 11.5 to 12.5 
but in practice, we've found the regu- 
lators to be much more accurate than. 
that. In our case, actual output voltage 
was 11.97V. 

Leave the supply on for, say, half an 
hour or so and confirm that neither 
the transformer nor the regulator get 
hot. With no load they should stay 
fairly cool. 

If you run the supply at its full rated. 
load, though, it's a different story. The 
transformer wil probably become 
quite hot to touch and the regulator/ 
heatsink may well be bordering on the 
too-hot-to-be-held. 
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12VDC 1A 
REGULATED 


PLUGPACK 


PRIMARY: 240V 50Hz~ 


д CAUTION: 
FOR INDOOR USE ONLY 


5 


This front panel artwork fits the case 
recess on the Oatley (Nokia) plugpack 
and may be adaptable to other models. 


Putting it back together 

If everything checks out OK, it’s 
time to put the case back together. 
First, make sure that none of the ca- 
bles protrude from the case and any 
captive cord anchor on the output ca- 


spears te 


And here's how it all did fit back into 
the plug-pack case — actually there's a 
fair bit of room to spare. The LED 
leads are insulated with heatshrink to 
make sure they don't short to each 
other or to anything else when the 
case is assembled. 


ble fits back into its appropriate slot. 

Push the two halves of the case 
together just to make sure it all goes 
back together and then pull them apart 
slightly, ready for gluing. Which glue? 
Tt doesn't really matter as long as the 
glue is made to adhere to plastics. 
We've founda few drops of super glue 
placed judiciously around the seam 
work very well and it has the advan- 
tage of drying very quickly. 

‘And that’s just about all there is to 
it. All up, it should only take an hour 
or so from beginning to end. 


Plug polarity 

Unless you fluked a plugpack with 
a plug already fitted you will need to 
solder a DC power plug onto the end 
of the lead. Naturally, you should use 
the plug which suits the equipment 
you're going to power. There is a wide 
variety of plugs used but if you have 
the choice you should aim for one of 
the larger variety — after all, the sup- 
ply can pass 1A or more on peaks. 

As far as polarity is concerned, there 
is a standard: whatever the manufac- 
turer decided on that particular day. 
Originally it was intended that the 
centre of the DC plug be the positive 
and the outside the negative (just the 
same as the tip on a 3.5mm or 6,5mm 
jack plug is positive, body negative). 

Unfortunately, this standard has 
gone out the window so now you have 
to fit the plug to suit. Some plugpacks 
have a polarity reversing plug and 
socket moulded into the cable — if this 
is the case make the centre positive 
when thesymbol on the reversing plug 
(+, - or o are often used) is lined up 
with same symbol on the socket. 


Other voltages 


The technique described here can 
be used to turn virtually any plugpack 
into a regulated type — just as long as 
there is enough room inside the case 
to fit the extra components. 

For example, a 9V plugpack makes 
an ideal candidate to make a 6V or 5V 
regulated supply (naturally, you'd use 
a 7806 6V or 7805 5V regulator). An 
18V version can make a 15V regulated 
supply with a 7815. 

If you want to get really tricky (and 
if there’s enough space), you could 
even use an adjustable regulator such 
as a the LM317 to make an adjustable, 
regulated supply. You'll find the cir- 
cuit on the SILICON CHIP web site — 
www.siliconchip.com.au sc 


Г. FEEL THE 
Bp. ACTION We have made 
а huge distress 
stock purchase- 
from AURA in 
USA. We have 
[sold thousands 
of the Interactor 
Backpacks,and 
now can offer a 
CUSHION | 
VERSION, for a | 
crazy low price | 
The cushion should sell for well over | 
200, but you can grab one - or more, for 
only $79.95 each, while stock lasts. THEY ARE UNDER 1/2 PRICE! This Interactor 
Cushion will transform low sounds into movement, so you can actually feel these 
through your back, Simply place in your lounge chair, or seat, and complete a 3D 
ound environment for added impact for home theatre, computer games etc. The 
Interactor Cushion can be used with almost any PC/Mac, home theatre system, CD 
player or video. Supplied with black cushion (with inbuilt shaker), amplifier module, 240V 
mains power supply and connecting lead set. 


Plug it into computer games, stereos etc, then put the back pack on and feel all 
the low frequency sounds. See 98 Cat. page 213 for full details. 


stereo system. Includes RCA piggyback lead, 3.5mm phone to 


|2 x RCA adaptor lead, АСА joiners & stereo 5511.95 3 


| 
[Hi Fi RCA cable. Total value $17.40. 


m 


Ideal for cars, home 
theatre & Hi Fi 

These units 

are very 

similar to. 

those fitted. 

in some really 

up-market movie 

theatres. Specs for 

the Subsonic Actuator: «Operating 
Frequency: Subsonic, Max force: 
20 foot pounds, Nominal Force: 0.5 | 
foot pounds per watt *Rated 
power; 18 watts continuous RMS. 
*Size: 250(W)x300(H)mm. 

*Weight i.5kgs Cat. XC-1008 


Cat. MP-3055 
Not only have we done a huge 
surplus stock purchase of the 
Aura Cushions and Shaker 
Motors, but we also have 
thousands of the very versatile 2 
X 11.5VAC @ 1.25A power 
supplies. This is ideal for a «12V. 
1.25A power supply. A bargain at 
only $19.95 


` 


“@ 


Ref; Electronics Aust. Dec. 1998. Enjoy the full and rich sound | Speaker Kit 
of a sophisticated three way speaker system by putting it | Consists of 

together yourself and save hundreds of dollars in the process. | «2x 10" 

Quotes by Rob Evans from EA "The JCS0's sound very good indeed. This]| "e/sponse 
is not a statement given lightly either". "The sound is consistant and polycone 
balanced over a wide range of listening angles" "The treble range is very || woofers 
‘extended and detailed, while the low end delivers a nice degree of *2x Re/sponse 
lowdown "punch" without sounding lean or soggy”. “This all adds up to a || dome midrange 

speaker system that's very enjoyable to listen to over its full power "2 x Vifa D19 dome tweeters 
I UU l| re cai and ining nta 
dollars for that privilege... acs 

The JC50 uses a 10" Re/sponse woofer, with a Re/sponse dome midrange 

and Vifa D19 dome tweeter. The power handling is 120W RMS / channel, 

and the cabinet size is 845(H)x300(D}x295(Wimm. The cabinets are pre- 
built in MDF with all holes cut, and finished in black-grey oak. The cross- 
overs are prebuilt, so all you need to do is solder the leads, and mount the 
drivers etc. You will need a soldering iron, a drill and a screwdriver. 


black-grey oak. Speaker grill cloth pre- 
mounted on removeable frames. 


| Anywh 


|JAYCAR JC5O 10" 5 WAY SPEAKER КІТ 


*2 x prebuilt crossovers *Rear terminals, ports, 


Consists of 2 prebuilt cabinets, finished in 


in Australia by Road 
freight for full Kit with Cabinets | CABINETS: 
Only $30 ph urance $: 


[SPECIAL FREIGHT DEAL| SPEAKER KIT Cat.cs-2550 $579Pr 


Cat. cS-2552 $319Pr 
$898Pr 


SAVE MONEY AND BUILD YOUR OWN TOP GRADE SPEAKERS. 


estat www батуу саме «ера аал 
| That's right from Dec 1, www.jaycar.com.au will officially be online for 24 hour shopping & 


echnical information - 7 days a week! Visit our new web site for our latest range of new 


products, an online catalogue plus our latest monthly specials (with a few other goodies you 
won't find anywhere else!). We will aiso be inciuding a product showcase for sneak previews 
of new products, data as well as other technical information (this will grow to include 
specifications on most Jaycar products), kit constructor's department for the latest ground 
breaking news on kits - and more! Our site will, continue to evolve, so drop in & check us out. 


The easy way to 
Ё connect 2 or 3 
wires together. 
Simply insert into 
the connector, & 
squeeze with a pair 
of pliers. They are 
= filled with sealant to ERA 
EIE. provide moisture resistance. Accepts 
ар cable up to 2.08mm OD. Pack of 8. 
| (6 x 2 wire) and (2 x З wire) connects. 


was $69.95 


Save $20 “у 
| Now $49.95 
Limited quantity. 


we 

DRASTIC REDUCTIONS 
TALKING 
CALCULATOR 
ALARM CLOCK 


Cat. QM-7275 


f" Was $24.95 ыы 


Save $8 
Was $29.95 Save $10 Now $16.95 


STATIC 


MUSICAL 
TALKING 
CALCULATOR 
ALARM 
CLOCK 


Cat. QM-7276 


Now $19.95 


ANT 
HEEL 


Cat. MP-3045 


was Cat. ТН-1788 


Was $12.95 


EMAIL ORDERS Бады 


pP Save 


EMAIL YOUR ORDERS NOW Б rad 


HARD 
DRIVE 
BIBLE 


Hard cover 210 x 270mm. 
Cat. BC-1210 


Was $49.95 
Now $35 


е ы 


Cat. ST-3028 5 


E. 95 Y 


ме 


Save 
$10 


PROFESSIONAL GRADE CARDEN LICHTIN 
PROFESSIONAL GRADE GARDEN LIGHTING 
Large range of fittings and a choice of low-voltage lamps. All fittings are black in colour, made from die-cast high-grade material, and 

(unless noted) accept MR16 globes (not supplied). 


GARDEN FLOOD LIGHT |. parow beam halogen 


‘Supplied with spike for 
pushing into the ground, 
Size (length including spike) 
310mm. Dia. at globe, 
75mm. 

Cat. SL-2770 


Use bracket or spike for different 
mounting positions. Size 100(H) x 
96 Dia. mm. excluding bracket and 
spike. 

Cat. 51-2774 


long, dia. 60mm. 
Gat. 51-2780 


globe for high- lighting. 
Includes a hood which can be 
rotated. 320mm approx. length, 
dia. at globe 65mm. 


Cat. SL-2772 


GARDEN BURIAL TYPE LIGHT ` 


Designed to be partly buried for 
up-lighting trees etc. Has a grill 
over glass to protect against 
breakage. Size 100(H) x 96 dia. mm. 


cat. sL2776 $29.95 


WALL MOUNT 
STEP LIGHT 


Ideal for paths or steps. Size 
100(dia.) х 5000) mm. Accepts 
halogen JC pin globes (not 
supplied). 

12V 20W Cat. SL-2722 $2.95 
24V 35W Cat. ERST NEMPE 2723 $4.95 


20W 12V 12° Cat. SL-2729 $5.50 
20W 12V 38° Cat. SL-2730 $5.50 
ов недзе 24V 38° Cat. 51-2736 56,95 


PATH L e 

Wo doge along a path, MR16 ROUND WITH BUILT аё 
REFLECTOR TO SUIT: & 

Very low to ground. Size 170(H) 51-2770, SL- z [ 

‘excluding spike which is 160mm 2776, 51-2780 


Includes a spike for mounting. Accepts 
a BC globe. Size 300(H) excluding 
spike, dia. 140mm. 

12V 15W Cat. SL-2721 $0.95 

24V 20W Cat. SL-2719 $0.95 


Cat. SL-2782 


To power your lights from 
mains power we suggest 

one of these in an enclosure: 
150W (for 12V) Toroidal Cat. MT-2112 
300W (for 12V) Toroidal Cat. MT-2130 
160W (for 24V) Toroidal Cat. MT-2114 
300W (for 24V) Toroidal Cat. MT-2134 


TOOL KIT 


WS Cat. TH-1878 
The professional coax 
В plug crimping tool kit. 


Was $169 


Save $14 Now $155 Now — 


HEX SCREWDRIVER 7 


Use for the Driver Bit 


65 WATT ACTIVE 
SUBWOOFER 
AMP MODULE 


Cat. AA-0502 Output 65W RMS 40. 
See our 1998 Catalogue for full details. 


Was $199 Save $30 


See 98 Cat. 
page 3. 
Cat. KC-5240 


Was $119.95 
Save $20 


Sets on right. сад 
h drive, square drive, Нех 
(allen), Torx, Posidrive. 
Cat. TD-2036 


Consists of 32 odd driver bits: 
*Tri-wing, Torx (tamperproof), Pin 
drive In - Hex (allen), Torque . 

Cat. Т0-2035 Е 


Af) 


5 


жа ЕНЕР 
Pre-wired with a globe every 
300mm, cable is green in colour 
and is ideal to hang through trees, m e 
garden, under the pergola, 
indoors or over the Xmas tree 
etc. Each globe draws 40mA so a 1 
amp transformer will allow you to 
use 25 globes or 8 metres of cable (3 
per metre). Bulb life is 25,000 to 40,000 
hours and bulb spacing is adjustable, 


Cat, SL-2810 $2.75 Me 
gamma merge 
Cat. SL-2816 È T 
95.95 wy 
«оп. барве 
Cat. 51-2812 РКТ 25 


SPARE GL ERES 


co. st-2014 ркт1о 98.95 


MERRY X MAS FROM JAYCAR 


We now stock a motor run capacitor for applications including motor 

start and motor run. They operate by changing the phase angle of the. 
| Starting current to enable the motor to operate efficiently under a 

starting load. They are made from metallised polypropylene and are self- 

| healing. They are not oil-filled paper which contains dangerous PCBs. Can be 

used with single phase motors or low-power asynchronous motors on a single- 

phase supply. Plastic case, stud-mounting suitable for directly fixing to the motor itself. Nut and shake- 
| Proof washer supplied. Technical data: «Value: 2.5F +/-10% 400VAC 50/60Hz «Dimensions: 55(L) 
| х30тах. dia.)mm «Termination: Wire leads brown/blue 250mm(L) solder-tinned, with black PVC ^y 
[нечен лай 


222082 POWER FACTOR CORRECTION CAPACITOR 


| A metallised polypropylene capacitor (3.0uF) suitable for applications 
Where inductive appliances (such as fluorescent lighting) create severe 
ower factor problems. The use of a compensating capacitor tends to 
bring the power factor of the load back to (or near) unity. These capacitors 
аге made from metallised polypropylene which has the added advantage of 
self-healing. These devices do not contain an oil-filled paper dielectric with 

| the associated danger of PCPs. This capacitor is not suitable for motor start/run 
use. *Value: 3.0uF +/-10% 250VAC 85°C «Dimensions: 55(L) x 30(max. dia.)mm 


*Termination: Wire leads brown/blue 240V rated 300mm(L) solder-tinned. $4 95 
.95 each 


Cat. RM-7212 


| COMPACT BLACK 
|LIGHT FLUORO 


Great for parties. it is a | 
| 
| 


Well, it should be here 
when you read this. 


compact incandescent lamp Sa 
with a ultra violet coating. It will fit 

| any 240V AC standard globe socket 
and is rated at 13 watts compact 
(equiv to 70 watts normal). 


Cat, SL-2762 $19 95 
б 


See Cat. P96 for full details. 
Cat. MP-3065 


We've had a shipment arrive, and they are not as 
good as what is pictured in the catalogue. They 
will work fine (up to 45Kgs), but they don't look 
too wonderful. Grab some at this crazy price. 


Cat. HS-8035 HALF PRICE! 


| FAST NICAD 
CHARGER WITH 
DISCHARGER 


THe CHRISTUS DTA 


Ref: SC Nov 98 
Add this novelty star to 
the top of your 
Christmas tree 

or front door 

this 

Christmas! 

This five 


Install it over the ees ts rr " 
| easy and it you buy 
now, its cheaper!! 


Cat. LA-5490 g. — 


* Xmas pi $49.95 


pointed star, 
using 30 red 

LEDs will give 

an endless array 

of patterns. 

generated by its micro processor. This kit is 
powered from a safe 9 volt DC and can be built 
inno time. Kit includes PCB, 30 red LEDs and 
all electronic components. 9 volt DC required. 


Cat. KC-5253 


The “It does everything charger". — | 
Charges AA, AAA, C and D Nicads in 4 
hours. See 98 Cat. page 86 for full 
details. Cat. MB-3500 


Normally $69.95 | 


Save $20" A handy addition to 


current capacity *High drain performance 
*And now - Lower prices. 


Previously Ni-cads were 280MAH 


|| NIPPLE Cat. SB-2430 


(NI-MH RECHARGEABLE {$ L 
BATTERY BREAKTHROUGH! 


We all know that NI-MH batteries offer better features 
than NI-CADs. These include «Мо memory effect «Higher 


еш 


$5.50ea 


any tool case, All 
‘metal construction 
with two intemal collars. The head rotates freely 


| making it ideal for drilling delicate $9. p 
plastic cases. Cat, TH-1772 


SOLDER TAG Cat. SB-2431 
AA зоооман 


NIPPLE Cat. SB-2455 
SOLDER TAG Cat SB-2457 


AA ззооман 
NIPPLE Cat, SB-2438 


SOLDER TAG Cat. SB-2439 


$5.75€0 SUB € 2scoman 
4.25e0 SOLDER TAG Cat. SB-2432 
4.50ed € SIZE ззооман 
NIPPLE Cat. 88-2433 
$5.25ea D SIZE za00man 


$5.50eq NPPLE Cat. 58-2434 


Great for checking the 
value on small components such as caps & 


$9.95ea 
resistors. Consisis of a high quality 62mm 


sazesea|[:IT) d TOLESS TAS 


PIR/MICROWAVE 


DETECTOR nuce in burgiar alarm PIRS 


Requires both the PIR & Microwave to be triggered 
substantially reducing false alarms. 10 METRE RAN 


‘96 Price $99.50 ‘98 Price $69.50 


^ CCD/MONITOR DEALS 


‘switching monitor. Buy 2 of any of the followii 
g ela y тава 


эг, 


CCD IR LEDS 
Cep Pinhole Cat Qc-3450 


.and you can purchase one of these monitors 
5.5" TWO 10" 4 CHANNEL 
(CHANNEL Save 
з 5во 


CCD IR Lens 
Cat. QC-3465 


= 


=, 


роте 
Cat. QC-3472 


Cat. ОМ-3435 > 


Normally $399.50 


‘Cat. QM-3430 


EMAIL mai orders@jaycar com.au 


DIGITAL HYGROMETER 


With memory. Large display. Cat. QM-7202 
Was $59.95 Save $10) 


Xmas $49.95 
T IN/OUT THERMOMETER 


With memory. Large display. Cat. QM-7205 
Was $39.95 Save $5 
xmas $34.95 


7284: 


Бйз 


TALKING IN/OUT 
THERMOMETER 
Seo 98 Cat. P204 for details. Cat. QM-7215 
was $34.95 Save $10 


XxXmas $24.95 


6” X 4” Size 
Will laminate business cards 
and 6" x 4" (100 х 150mm) photos. ү 


Cat. xL-2500 $69.95 
LAMINATING SLEEVES ТО SUIT 
Business Cards Pkt 100 
Photo Size Pkt 24 


Cat. XL-2504 
Cat. XL-2505 


x303mm 


$199 


AA LAMINATING SLEEVES 
Pkt 25 Cat. XL-2512 $12.95 


"ad. 


<r 


Install in minutes. includes a PIR with 7 mtr. range, Easy to 
turn on/off. Use batteries or mains adaptor (extra). See 98 


80 for full details. 
Cat. LA-5146 Was $36.95 
xmas $29.95 save $7 


PUT A MULTIMETER IN 
THE XMAS STOCKING 
MINIDMM — Cat.om14i0 Was $17.95 
Xmas $15 save $2.95 


4 SECTOR ALARM 
SYSTEM ca s110 


Protect your home these holidays. 
Was $129.50 Save $29.50 


Xmas Only $100!! r 3 


le sa е, 
MADE IN JAPAN 


Cat. LA-5012 


Ey QC-3470 


Piezo ignition, 
gas refillable, 
Cat. TS-1682. 


CELLULAR PHONE / VIDEO CAMERA / 12V / 240V / AAA 
/ AA / NI-CAD / NI-MH BATTERY 

DISCHARGER / DEEP CONDITIONER / 

FAST - SLOW CHARGER 


Charge many cellular phone, video and other batteries with 
this charger. (Adaptors required)". Runs on 12VDC and 
240VAC. See 98 Cat. page 87 for full details. Cat. MB-3550 
"Charger now supplied with AA charging plate also. 


Normal Price $77.95 Adaptors $12.95ea 


Charger Only $59.95* save $18 


Adapto Other Batteries: 
*Motorola Microtac 

*Motorola 8000/9000/9800 7.2V — MB-3555 
*NEC P3/P300 6.0V MB-3556 
МЕС P388/P4/P6/P400/P600/P601 MB-3574 
"Ericsson 237/337 6.0V MB-3557 
*Ericsson 197/198/172/818 MB-3576 
*Nokia 2110 6.0V MB-3559 
«Nokia 101/121 MB-3560 


Cat No: 
МВ-3577 


Video Camera Battery Adaptors: 
“Sharp, Hitachi, Sony 
*Panasonic, Canon, JVC 
AA / ААА Battery Adaptors: 
*AAXG 

"АААХ 


= 


МВ-3565 
MB-3566 


MB-3570 
МВ-3572 


Cat. АА-0426. 


ЇЇ! — 


See 98 Cat. page 64 for 
Getails and specifications. 
Cat. Ад-0425 


See 98 Cat. P64. 
Cat. AA-0422 
See 98 Cat, Р 64. 


December $129 December $119 December $289 А 


NEWCASTLE STORE MOVED 


TO: SHOP а, 990 HUNTER STREET. NEWCASTLE. 
IKM WEST. OPPOSITE SELMA STREET. 


Features 5 metre extra long cord 
with individual volume control, 
9) mono/stereo selector switch and 
Zl a gold 3.5mm plug with gold 
Dl] 6.5mm adaptor. Cat. AA-2002 


Normal Price 
would be $14.95 


< 


Volume Control 


E — 
PURCHASE 


uem 


Individual volume control with 
mono/stereo selector switch. Play a CD 
on your computer without disturbing 


Designed for extra base others. 
performance. Supplied with 
3.5mm plug and 6.5mm «4, 
adaptor. Cat. AA-2007 ЎЎ 


Normal Price 
would be $19.95 


Cat. AA-2034 


an тая 


а 


Volume Control Ум». 


Eo 8" WALL 
CLOCK 


Quartz timing with white face 
(Dia. 20cm) and black 
numbering. 

Cat. XC-0110 


О $12.95 


4 в" 24 HOUR WALL 
Jud CLOCK 


Great for shift workers! Quartz 
timing with white face (Dia. 
20cm) and black numbering, 


ca.xcon $19.95 


10” CLOCK WITH 
i HUMIDITY =: 
I TEMPERATURE 


[О Quartz timing with black face 
(20cm сїа)апа white 


cat xc-0112 919,95 
TAPERED 


| [This great new too! is ideal for enlarging 
shaping holes їп | 
plastic, thin metal 
land wood. Tapers from 3mm to 12mm andis 
made from high quality treated steel. x 


S. 


Plugs directly into the headphone 


WIRELESS INDOOR OUTDOOR 


=~ THERMOMETER 


Main unit will support up to three main sensors, with 


X 


Gen 


high/low alarm for each, min./max. reading (-5°C to 50°C), Remote 
sensors are splash proof, have their own display, and can transmit 


up to 30m. The main unit is supplied with one sensor. 
WIRELESS IN/OUT THERMOMETER Cat. QM-7220 
EXTRA REMOTE SENSORS 


6500 8 SECTOR ALARM 
SYSTEM 


The economical way to 

buy a top quality, low 

priced system. Includes 

all the components to give 
you and your family peace of 
mind. See page 77 of ‘98 
Catalogue for full details. 

Cat. LA-5444 


HEADSET TELEPHONE 


This is a stand alone headset 
telephone, not a hands-free 
adaptor. The headset and mic 
boom are fully adjustable and the 
ear piece has comfortable 
padding. It is not suitable for 


Commander systems. hp 


Cat. YT-7060 


| HIGH TORQUE DC MOTOR 


= 


ANOTHER SCOOP PURCHASE! | 


Cat. ОМ-7221 


This powerful compact 
motor will provide ж се 
good torqueon аф 

supply voltages from 

12-30V. It will reach 

maximum efficiency at 24V with a torque 
load of 60g.cm and draw 310mA @ 
8350rpm. Efficiency is almost 70%! The 
hardened steel drive-shaft is 2.3mm 
(8/32") dia. x 2.7mm (1/2") long. Sturdy 
sintered bronze shaft-bearings ensure 
long life. Mounting is effected with 2 x 
М2 threaded holes on the front face of 
the motor. Two suitable screws are 
included with the unit along with a full 
data sheet on the motor's performance. 
characteristics. This is not a "toy" motor. 
It is designed to give daily performance 
for hours at a time. You will be delighted 


this product. Cat. YM-2709 
iE Әче or 
_$3.50eqa | 


socket and features gold connectors, 
individual volume, treble boost and 
dynamic base boost controls. Requires 
4 X 'C' size batteries or 6 VDC plug 
pack, Size 155(H)x95(W)x90(D) mm (ea). 
24 watts (12 watts PMPO) Cat. CS-2425 


Normal Price 
would be $49.95 Pr 


Features: Gold audio plug, 16 watt PMPO 
per speaker with bass boost switch and 
volume control. Fully shielded and will 
operate from either 4 х ‘C’ size batteries or 
the plug pack which is included. 

Size 135(H)x84(W)x92(D) mm. Cat. XC-5163 


Normal Price would be $55 Pr 


Plug Pack 
Supplied 


Fully shielded 36 watts PMPO per 
speaker. Speakers supplied with 1.2 
amp, 9 volt plugpack. Size 170(H) x 
104(W) x 118(D) mm. Cat. XC-5164 


РА Normal Price would 
be $79.95 Pair 


These speakers will produce 120 
‘watts PMPO per speaker of quality 
sound, fully shielded with individual 
base and volume controls, 3.5mm 
stereo headphones and microphone. 
jacks. Supplied with a massive 2.5A, 
12VDC power supply worth around 
$40 on its own! Size 213(H) x 123(W) x 
128(D) mm. Cat. XC-5185 
Normal Price 
would be $129 Pr 


* 


Plug Pack Supplied 


BUY 5 OF A PRODUCT WORTH $100 OR MORE LESS 1 
SS eee ee 


MAIL ORDER - FREECALL FOR PHONE ORDERS 1800 022 888 
A 1907 
Y „өүө 125 


Se 
9 б Y. зә $ 


5.6V COMPUTER 
LITHIUM 
BATTERY 


As used in PC's. 
Cat. SB-2540 


See 98 Cat. P11 
Cat. KC-5196 


AMP REGULATED 
POWER SUPPLY 


Cat. MP-3032 
was ~ 
$42.95 
Save > 


$10 


FREE CHRISSY PRESENT WITH 
EVERY DURATECH SOLDER 
|\STATION IN DECEMBER 


Buy our new soldering station in 

December and we'll give you a 1 
Kg roll of .71mm solder for 

Christmas for free. Value $26.95. $ 


т” cat. ns-3002 =} 


SOLDERING IRON ВАР! 


Grab a spare at this silly price! Adjust from 
250*-450*. 30 watt ratio. Cat. Т5-1460 


JAYCAR BLUE or BLUE - BULK Normally 


Supplied in jewel case] Supplied in bulk pack 


Cat. XC-4712 


юү 


PHILIPS GREEN RICOH GOLD 


DIGITAL CLOCK WITH 


of 10. No cases, 
Cat. ХС-4714 


and Cat. ХС-4711 Cat. XC-4710 


‚ DISKS 


Supplied in jewel case | Supplied in jewel case 


FLEXIBLE STAND. 


HUMIDITY & CALENDAR 
Ideal for office, 
factories, homes, 
wine collars etc. 
Includes: 

*Humidity sensor 

“Temperature in 

day, date and 

month «Huge 

display 146(w) x 95(Н) «Overall size 
210(W) x 210(H) x 25(D)mm. C 

silver in colour, operates on 2 АА 
batteries (not supplied) ^ Cat ХС. 
Was $99.95 Save $10 
The powerful 62mm 

magnifying lens is 
mounted to a flexible 
450mm fong stand and 
15 perfect for when you 
need to work with 
both hands free. 


mem 
Cat. QM-3530 


$49.95 -= 
Now $37.95 save $12 


BLACK COLOUR 


DISK 
Pkt 25 Cat. XC-4742 АЎ 


Cat. XC-4740 


Install one during the holidays, and save 


out relay, shock sensor, LED for dash, 
wiring hames 
2 models available. 
See 98 Cat. page 74 for full ! 

| details and features. 


| cat La-so12 Only $149.50 
| Was $179.50 Save $30 


| Cat. LA-8914 


| Was $199.50 SEEN 


'C and °F 
Xmas $89.95 
$19.95 _ 


PROCESSOR 
WITH 
ENHANCER 
MIXER 


See catalogue page 189 
for full details. Cat. AV-6415 


ONLY $149.50 


Buy yourself that new gas 
soldering iron for Christmas. 


Normally $89 
XMAS $69 
Save $20 «2» 


BACK UP | J 


12V ACTIVE COLOUR ANTENNA ИНЕ / VHF / F 


IDEAL FOR CARAVANS, CARS, CAMPING AND HOUSES WITHOUT sgg 
240VAC MAINS! The antenna contains a built-in amplifier that 

operates from 12VDC. It can be powered from the vehicle's z 
battery and/or use it at home with the optional AC mains 

adaptor. (MP-3002 $12.95). The antenna has telescopic 

dipoles at the rear for fine-tuning your reception, 

while the amplifier has a built-in splitter for a second = 

TV antenna, а 6 metre coaxial lead with plugs, anda | ^^ 

12V power lead. Specifications: «Gain. 22-24dB dl 
*Power source: 12VDC, 100mA Antenna size: 340(W) х 375(L) x 55(D)mm. 


Cat. 17-3170 


MAIL ORDER CORNER 


Only available by ordering from our Mail 
Order Department 
NOT AVAILABLE AT OUR RETAIL OUTLETS 
| Call 1800 022 888 & have your credit card handy! 


*Cat GG-1065 Equator Car Alarm. Repaired unit, 
but otherwise virtually new. Sold in 96 as Cat. 


*Cat 66-1066 Equator car 


LA-8902 for $189 without siren. 90 
day атап суты. УК => а 


Alarm. Repaired unit, but otherwise 
virtually new. Sold in 1996 as Cat. LA- 

8905 for $229 without siren. This unit has all the. 
features of the GG-1065 but with the addition of 
super code protection, anti code grabbing and 
anti scanning. See Jaycar Catalogue 1996, 


Р157 for details 90 day warranty. i111 i 1 


Qty 21. 
*Cat GG-1067 Krone Part 

#6450-2. 19" Recessed Back mount 

Frame, 3 Rack unit, Austel approved. All oa 
stainless steel. Brand new in boxes. Qty 12, 


THERMOCOUPLE 
ADAPTOR FOR DMMs 


REFER: SC DEC 98. Measures temperature 
using your digital multimeter. This kit 

plugs into your DMM & allows you 

to measure temperatures 

between -50°C to 600°C 

using a 'K' type thermo- 

couple probe. Housed in a 

‘small plastic case and 

powered from regular 9V and AA 

batteries, this kit is extremely portable. Kit supplied with 
case, PCB, 'K' type thermocouple, batteries and all 


electronic components. 
$34.95 


Cat. KC-5256 


ENGINE IMMOBILISER MK L| 
REFER SC DEC 98 

This immobiliser repeatedly 

stalls the engine when a 

thief tries to start your car. Ж 

The circuit allows the m > 

engine to start, but will ~ е" 

stall the engine after about 

two seconds, giving them the impression that there is an 
intermittent problem. They should then move on to 
another car. An add-on project in the January Silicon 
Chip will allow keypad connection for disable, along with 
other features. Kit supplied with PCB, plastic enclosure 


and all specified electronic compon 
‘$29.95 


Cat. KC-5255 


-МН (except SB-2572) 


% САТ 
Nokia 1610 1.24 EP <в-2552 
Nokia 3110/3810 1.249 — sB-2553 
Nokia 5110 0.95A SB-2554 
Nokia 101/121 1.28 5В-2555 
Motorola Тас іт 0.94 58-2569 
Motorola Тас 2.1A S8-2571 
Motorola Tac Li-ion 1.354 SB-2572 
Ericsson 628/688 1.2A ^ — SB-2576 
Ericsson 788 0.6А SB-2577 
NEC P3 1.2A 5в-2581 
NEC Fido 1.28 $B-2582 
NEC Sportz 1.24 488-2583 
Philips Fizz 1.8A 


$35, 

$35.00 
$45.00 
$39.95 
$59.50 
$59.95 
$79.00 
$35.00 
$35.00 
$35.00 
$35.00 
$29.95 


58-2590 549.95 


EASY START CAR 


JUMP CHARGER 
See Cat P85. Cat MB-3595 


was $39.95 


Save $19.95 


S59.95 


10 DIGIT TALKING 


CALCULATOR 
Cat. ОМ-7276 


Was $29.95 


Save $13.95 


240V WIND UP 
EXTENSION REEL 


12.5 Mtr. long, circuit breaker, 
2sockets. Cat. PS-4135 


Was $39.95 


Save $19.95 
JOYSTICK 


2 button, suits IBM 286-486, 
Cat. XC-5156 


Was $24.95 


ZE 


Save $4.95 


This Pocke Torch lighter runs 
on butane gas. The case is 
clear and it has a piezo start. 
The flame is adjustable and 
can be locked off or on. 
Supplied with a cap on a 
chain. Height with cap is 
76mm. Cat. TS-1684 


Includes 160 pieci 
a handy case. 
Cat. PT-4530 


no WAR ERG тими 


MAGNIFYING | 
LAMB, powered lamp, 


$14.50 
$14.50 
$14.50 
$10.00 
510.00 
520.00 
$20.00 
$14.50 
$14.50 
$14.50 
514.50 
$10.00 
$20.00 


with 22 watt 


аз 
lens. 


white. See Cat, P186 
details. Cat. ОМ-3525 
Was $149.50 
Dec. 


8 DIGIT TALKING 


CALCULATOR 
Cat. ОМ-7275 


Was $24.95 
Xmas $12 
Save $12.95 


5 MTR PRO OFC LEAD 


Double sheilded with metal plugs and centre 
lead. Cat. WA-1094 


Was $34.95 


тик 


4 


The transmitter (in 
the baby’s room) 
plugs into the mains® 
power & transmits 

to the receiver 

which is mobile. So 
you can take it with, 
you outside & still 
monitor the baby. 
Cat. Al-5540 


Protect your family! Buy... — 
them one each for 
Xmas! Cat. LA-5090 


circular fluro. 
Magnifier 


diopter 
Colour is. 


But it on a door or window 
to announce a visitor. Great 
for offices, shops etc. 


dor 
b 


PREPROGRAMMED & 
PROGRAMMABLE 
REMOTE CONTROL 


Controls up to 4 units 
Cat. AR-1705 679 


PRE- PROGRAMMED 
REMOTE 


"sa 


CONTRO 


Cat. AR-1700 


LCD REMOTE 
WITH BACK 


LIGHT!!! 
Operates up to 8 
pieces of equipment 
Cat. AR-1725 


See our 98 Cat. page19 for full details. 


ELECTRONIC PROJECT LAB 
Cat. KJ-7020 


STEPPER MOTOR 
CONTROLLER KIT 


MULT 


IGNITION KIT 

See cat P10. 

Limited qty. 

Cat. KC-5232 

was 
99.50 


See 98 cat P16. Cat. KC-5157 
Was $45 Save $7.50 
Now $37.50 


-SPARK 
CAPACITOR DISCHARGE 


See 98 cat P16. 
Cat. КС-5226 


ow $79.50 Save $20 


STEPPER MOTOR 


POWER SUPPLY KIT 


See 98 

cat P10. 
KC-5203 
Was 
$34.95 
Save $8 


See 98 cat P16. 
Cat. KC-5237 


Was $59.50 
Now 

$49.50 
Save $10 


THE LOUDSPEAKER DESICN COOKBOOK 
The ultimate source for everything you need to know to build 
that dream loudspeaker for your home, your car, or 

your new home theatre. Softcover 28 x 22cm 165 

pages. Cat. BA-1400 

LOUDSPEAKER RECIPES BOOK 1 
This book is а complete guide showing you how to build four, 
easy to construct, fully tested, two-way loudspeaker systems 
that perform brilliantly at a surprisingly modest cost 

Softcover 28 x 22cm 112 pages. Cat BA-1402 


ELECTRONIC PROJECT LAB 
Cat. KJ-7025 


HEAD OFFICE 
8-10 LEEDS ST RHODES 2138. 
PHONE: (02) 9743 5222 


BURANDA QLD 


CANBERRA ACT 


COBURG VIC 


VISIT OUR WEBSITE ; 
www.jaycat.com.au HOBART TAS 


ULTIMATE AUTO SOUND 

A must for sound enthusiasts who are serious about the quality 
of sound in their car, van, or truck 

Softcover 27 x 21cm 99 pages. Cat. BA-1412 


GEAR CHANGE 
INDICATOR KIT 


= REF: Silicon Chip Sept ‘98 
Improve your cars acceleration times with 
the smalll investment of this Gear Change 


BOX NOT INCLUDED 


Indicator Kit. A light will flash & buzzer will sound when the preset speed for 
each gear is reached thus improving your driving technique for optimum accel- 


SEE S.C. 6/98 
Cat. KC-5248 


Was 
$64.95 
Save 613 &2 


| STEPPER MOTOR 
DRIVER KIT 
WITH BUFFER 


See 98 cat page 16. 
Cat. КС-5236 


Was 
$55 


All motors supplied with data and 
applications information 
SANKYO 7.5° Step Hi Torque 


Was paaa 


Save $8 

Cat Үм:2750__ — 

MINEBEA 7.5° 60) Coi 

Was $20 Save © 


eration times. Supplied with PCB & all electronic components. Cat КС-5250 5 


Was $37.95 Now $32.95 саме $5 


500W AMP MODULE KIT 


See 96 cat page 5, Heatsinks not supplied. 


Cat. YI 
MINEBEA 7.5° 150 coiis 


was юе Save $6 


Cat. KC-5231 Was $199 Save $29.50 Now ar 50 са үм.2754 


Quality WHOLESALE 
Endorsed | PHONE: (02) 8743 5022 


со 

005 | ORDEE 
2007 FAX: — (02) EE 
FREEFAX: 1800 810 137! 


GORE HILL 


PENRITH 


NEWCASTLE 


MAIL ORDERS FREE POST To: 

Reply Paid 72. Jaycar Mail Orders. PO Box 185 Concord 
NSW 2137 FREE САЦ FOR ORDER 

ENQUIRY HOTLINE: (02) 9743 6144 Fi 


MAIL ORDERS: Р.0. Box 9667. Newmarket. Auckland. FREE POST: D є 


AR v 


p. 


= 


SILICON ORDER FORM 
ШР 


BACK ISSUES 


MONTH YEAR MONTH YEAR PRICE EACH (includes p&p) TOTAL 


Australia $A7.00; NZ $A8.00 (airmail); Elsewhere $A10 
(airmail). Buy 10 or more and get a 10% discount. 

Note: Nov 87-Aug 88; Oct 88-Mar 89; June 89; Aug 89; 
Dec 89; May 90; Aug 91; Feb 92; July 92; Sept 92; Nov- 
Dec 92; March 98 & April 98 are sold out. All other issues 
are currently in stock. $A 


BINDERS 


Please send me SILICON CHIP binder(s) at 
$A12.95 + $5.00 p&p each (Australia only). Not available 
elsewhere. Buy five and get them postage free. 


SUBSCRIPTIONS 


a New subscription — month to start. [ РКЕ DAI. 
GIFT SUBSCRIPTION DETAILS 

(О Renewal - Sub. No. C] Gift subscription US | 

RATES (please tick опе) 2 years (24 issues) 1 year (12 issues) | Month to start 

Australia vied Ж Cy $А112 I $А59 | Message 

Australia with binder(s) L1 $А138 0 $a72 | 

New Zealand (airmail) 0 $4145 0 $477 | 

Overseas surface mail L] $А160 0 $А85 | 

Overseas airmail T $A250 0 $А125 | 

**1 binder with 1-year subscription; 2 binders with 2-year subscription | Gift for: 


| 
| 
| 
| 
| 
| 
| 
| 
| 
Мате. I 
YOUR DETAILS | (PLEASE PRINT) | 
| Address. | 
| 
| 
| 
| 
а 


Your Мате. | 

(PLEASE PRINT) | 
Address |. State. Postcode. 

| 
ж Postcode. SSeS SS a 
Daytime Phone No.. Total Price SA Ж 
Signature 

C] Cheque/Money Order [J Bankcard О Visa Card (О Master Card 
Caan. [ |] 1 TL 1E ] te Card expiry date. у 


Mail order form to: 
Reply Paid 25 
Silicon Chip Publications 
PO Box 139, Collaroy 2097 
No postage stamp required in Australia 


Phone (02) 9979 5644 
9am-5pm Mon-Fri. 
Please have your credit card 
details ready 


Fax (02) 9979 6503 
Fax the coupon with your 
credit card details 
24 hours 7 days a week 
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Build Your Own 
Poker Machine; Pt.2 


Although it uses lots of parts, our new Poker 
Machine is very easy to build. Just follow the 
instructions below and you'll soon be losing 

your shirt — metaphorically speaking, that is! 


By ANDERSSON NGUYEN 


As noted last month, this project is 
built on two PC boards: a main board 
(code 08112981) and a display board 
(code 08112982). The display board is 
mounted on top of the main board 
using 20mm spacers and machine 
screws and nuts. You can even mount 
the completed assembly beneath a 
perspex sheet or in a wooden case, if 
you wish. 

Inall, there are 35 ICs on the two PC 
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boards and 33 ofthese are CMOS types. 
This means that you should take care 
to prevent damage to the devices by 
static electricity. Always leave the 
devices in their antistatic packaging 
until you are ready to solder them 
into circuit and avoid touching any of 
the pins. 

Provided you exercise reasonable 
care, you shouldn't have any prob- 
lems but if you're really cautious, you 


can invest in an antistatic wrist strap. 

Before installing any of the parts, 
go over the two etched PC boards care- 
fully and compare them with the pub- 
lished patterns (Fi, It's much easier 
to locate and fix any defects at this 
stage than after all the parts have been 
installed. 

You will need a soldering iron with 
a fine tip for this job, since many of 
the pads and tracks are in close prox- 
imity to each other. The use of IC 
sockets is optional. They make it easy 
to change a suspect IC but they also 
add to the cost. Usually, you can sol- 
der the ICs straight in without any 
problems. 


Building the main board 
The assembly can start with the 
main board — see Fig.3. Begin by in- 


TO DISPLAY BORRD 


TO DISPLAY BORRD 


TO DISPLRY BORRD 


то Viti BOARD 


a 


EM 

E 

Fig.3: install the parts on the main board as shown in this wiring diagram. Note 
particularly that IC22 (555) faces in the opposite direction to the other ICs. 


resistor colour codes but it's also a 
good idea to check the resistor values 
using a DMM, just to make sure. Make 


stalling the numerous wire links. then 
install the resistors and capacitors. 
The accompanying table shows the 


sure that the electrolytic capacitors 
are correctly oriented and note that 
several of the resistors (R5, R6, R13 & 
R14) are mounted end on. 

The transistors and diode D2 
(1N4004) can go in next. Again make 
sure that they are correctly oriented 
and make sure that transistors Q9- 
Q12 are BC337s. 

Now for the ICs. These can all be 
installed in their correct locations, 
noting particularly that 1С22 (555) 
faces in the opposite direction to the 
other ICs, Pin 1 of each IC is identified 
by a small notch or dot in the plastic 
body at one end. 

Do not touch any of the IC pins. If 
you need to bend them so that they go 
in the holes, just push a row of pins 
along one side against the top of the 
bench (but do it gently). 

The buzzer is attached to a vacant 
spot on the PC board (see photo) using 
double-sided adhesive tape. Alterna- 
tively, you can glue it in place using a 
small dab of epoxy adhesive. The leads 
of the buzzer are then soldered to the 
PC board, or you can terminate the 
leads on a couple of PC stakes if you 
wish. 


External wiring 

Once all the parts are in, you can 
add the external wiring leads. Begin 
by cutting four 8cm lengths of 7-way 
rainbow cable plus a 10cm length of 
8-way cable. The four 7-way lengths 
are connected along the top of the 
board adjacent to the 4511 display 
drivers, while the 8-way cable is sol- 
dered to the righthand side of the 
board near the buzzer. 

We terminated the 8-way cable їп а 
ribbon cable header and this plugs 
into a matching pin header on the 
display board. However, these parts 
are optional and you may elect to save 
money by soldering the 8-way cable 
directly to the display board instead. 
The 8-way cable, by the way, connects 
to the bases of transistors Q1-Q8 on 
the display PC board. 

Another lead is also run from pin 
11 of C23 to the display board, where 
it connects to pin 13 of IC34. The pad 
for this lead is immediately to the left 
of the pads for the 8-way cable. This 
lead can also be about 10cm long and 
can be run using light-duty hookup 
wire. 

The assembly of the main board 
can now be completed by fitting the 
leads for the Play switch (S1) and for 
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FROM MAIN BOARD 


FROM MAIN BOARD 


FROM MAIN BOARD FROM MAIN BOARD 
1159958. 


avoc 


FROM MAIN 


‘BOARD 
$9—1c23 Pit 


289820. 
Екы 


ie] 


Fig.4: the parts layout for the display board. Ma 
correctly oriented. The resistors marked Rx and 


the power supply. Those loads are ter- 
minated on PC stakes and should be 
run using medium-duty hookup wire. 
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The leads for the Play switch can be 
about 160mm long, while the supply 
leads can be about 80mm long. Use 


ke sure that all the displays are 
Ry are all 3309. 


red for the positive supply lead and 
black for the negative. 


Display board assembly 


Fig.4 shows the display board as- 
sembly. As before, start by fitting the 
wire links, then install the resistors, 
capacitors, transistors and ICs. The 
transistors (Q1-Q8) are all BC548 types 
and they all face in the same direc- 
tion. Note that many of the resistors 
are mounted end-on to get them to fit, 

Note also that a wire link goes be- 
tween the two resistors directly be- 
low DIS9 — you have been warned! 

Next, fit the 1N5404 reverse polar- 
ity protection diode, taking care to 
ensure that the banded end goes to- 
wards the displays. R29 and R30 can 
be omitted if you don't want the deci- 
mal points on DIS8 & DIS11 to light. 

The LEDs can be mounted next, 
taking care to ensure that their anode. 
leads go to the “+” terminals (the an- 
ode lead is the longer of the two). Note 
that LEDs 1, 2 & 3 are green, LEDs 4 & 
5 are orange and LEDs 6, 7 & 8 are red. 

The 7-segment LED displays can 
now be installed. This is straightfor- 
ward; just remember that the decimal 
point of each display goes towards 
the bottom right. Push each display 
down onto the board as far as it will 
go before soldering its leads. Note that 
four wire links go under the large 
displays so make sure that these are in 
position before mounting the displays. 

Finally, complete the display board 
assembly by installing PC stakes at 
the power supply terminals (two at 
top right for the plugpack leads and 
two at bottom left for the supply con- 
nections to the main PC board). You 
should also install the pin header if 
you intend using this optional part. 


Final assembly 


Once the display board assembly 
has been completed, connect all the 
leads from the main PC board. These 
leads are as follows: (1) the four 7-way 
cables to the large 7-segment displays; 
(2) the 8-way cable to the bases of Q1- 
Q8; (3) the lead that runs from pin 11 
of 1C23 to pin 13 of IC34; and (4) the 
supply leads to the output terminals 
at bottom left (ie, adjacent to IC33). 

Take extra care when connecting 
the supply leads between the two 
boards. The positive terminal on the 
display board (near C33) is the top- 
most terminal. Conversely, the posi- 
tive terminal is the bottom-most of 


Repeated from last month, this photo shows the completed PC boards just before 
they are stacked together. Ignore the wire links shown on the back of the display 
board — we changed the PC pattern to eliminate these for the final version. 


the supply terminals on the main 
board. Do not get them mixed up, 
otherwise you could damage some of 
the semiconductors. 

With the wiring completed, the two 
boards can be stacked together and 
secured using 20mm spacers and ma- 
chine screws and nuts. It would be a 
good idea to fit small rubber feet to 
the bottom of the display board, so 
that it doesn’t scratch the desktop. 

Alternatively, you might like to 
build the assembly into a wooden case, 
with a clear Perspex window for the 
LED displays. The Play switch can be 
suitably mounted on the front panel. 


Testing & operation 


Power for the circuit comes from a 
9V 1A plugpack supply (do not use a 


12V supply, as this could damage the 
displays). Connect the supply leads 
to the terminals on the display board 
(at top right), apply power and check 
that the LED displays come on. 
Initially, the large 7-segment dis- 
plays will display a random result. 
The digits may all be off, cycling or 
stationary; or you may have a mixture 
of these conditions. The smaller 7- 
segment LED displays (ie, the score- 
board arrays) should all initially dis- 
play "0", while the LED score indica- 
tors at bottom right should all be off. 
Now press the Play switch. The large 
displays should immediately begin cy- 
cling and the transducer should pro- 
duce a rapid clicking sound to simu- 
late the sound ofthe "rolling barrels". 
After a short period, the displays 


should slow down and eventually 
stop, starting with the most signifi- 
cant digit and finishing with the least 
significant. 

Note that the first “play” will take 
some time to come to a stop, due to 
the way the circuit works. Subsequent 
plays will finish much faster, so be 
patient the first time around. 

If it all works so far, press the Play 
button a few more times until you get 
a winning combination. When this 
happens, check that the correspond- 
ing indicator LED flashes and that the 
credits are incremented on the score- 
board displays. 

For example, if you get a pair, LED 1 
should flash and the scoreboard 
should increment by 1. Similarly, if 
you get two pair (eg, 6633), LED 3 
should flash and your score should 
increment by 100. If you get four of a 
kind, the decimal points should chase, 
while 0000 or 8888 will result in all 
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Resistor Colour Codes 


Value 
10MQ. 
680kQ 
560kQ 
470kQ. 
150kQ 
100k2 
82kQ 
62kQ 
56kQ. 
47kQ. 
33kQ 


DODOOOODOOOOODOODOOUO 
Фо- моз һа аон Б 


the digits flashing on and off. 

Table 1 in last month’s issue shows 
the winning combinations and the re- 
sults. Note, however, that a small er- 
ror crept into the table. The example 
given for a “Pair In A Pair” winning 
combination should read XYYX and 
not XYYZ). 


Troubleshooting 

If the circuit appears to be working 
but one or more of the segments on 
the large displays is missing, check 
the wiring to the displays between the 
two boards. It's possible that one of 
the leads may have broken. 

If the wiring is OK, check for breaks 
in the copper tracks at the display 
driver outputs (pins 9-15 of IC1, IC3, 
1С4 and IC6 on the main board). In 


Silicon Chip Bi 


covering 
ж Each binder holds up to 14 issues 


lettering on spine & cover 


only; not available elsewhere). Buy five and 
get them postage free. 


* Heavy board covers with 2-tone green vinyl 


* SILICON CHIP logo printed in gold-coloured 


Price: $412.95 plus $A5 p&p each (Australia 


4-Band Code (1%) 

brown black blue brown 
blue grey yellow brown 
green blue yellow brown 
yellow violet yellow brown 
brown green yellow brown 
brown black yellow brown 
grey red orange brown 

blue red orange brown 
green blue orange brown 
yellow violet orange brown 
orange orange orange brown 
red red orange brown 
brown green orange brown. 
brown red red brown 
orange white brown brown 
orange orange brown brown 


addition, check for breaks in the tracks 
to the display segments on the dis- 
play board. 

For example, if segment "f" of dis- 
play 4 (0154) fails to light, check the 
circuit from pin 16 of IC6. If a digit 
fails to light, check that its common 
connection (pin 1) is connected to the 
earth pattern. Note that although the 
circuit shows pins 1 and 5 of the dis- 
plays connected to ground, only pin 5 
is connected on the board. In fact, it's 
a good idea to run an insulated link 
between pin 1 and the nearby earth 
pattern on the PC board, to make the 
earthing more secure. 

If the connections are OK, check 
the supply voltages on the relevant 
display driver and check its outputs. 

Similarly, if you have trouble with 


nders 


Just fill in & mail the handy order form in this 
issue; or fax (02) 9979 6503; or ring (02) 9979 


5644 & quote your credit card number. 
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5-Band Code (1%) 

brown black black green brown 
blue grey black orange brown 
green blue black orange brown 
yellow violet black orange brown 
brown green black orange brown 
brown black black orange brown 
grey red black red brown 

blue red black red brown 

green blue black red brown 
yellow violet black red brown 
orange orange black red brown 
red red black red brown 

brown green black red brown 
brown red black brown brown 
orange white black black brown 
orange orange black black brown 


the scoreboard displays, check the seg- 
ment driver outputs from the 4026s 
(IC24-33). 

If the count jumps about or if the 
wrong segments light up, check for 
shorts due to solder bridges between 
pads or tracks on the copper pattern. 

A count that stops abruptly instead 
of slowing down is almost always 
caused by a static-damaged 4046 IC. 
These ICs are particularly prone to 
static damage and should be replaced 
if you have any doubts. 

If there are other problems, check 
the two boards carefully for missed 
solder joints and other soldering er- 
rors. You should also check that all 
the parts are in their correct locations 
and that you haven't left out any wire 
links. It's also a good idea to check the 
supply voltages to all the ICs. If any of 
the supply voltages is missing, then 
you're halfway to tracking down the 
problem — just backtrack along the 
supply rail to find out where the prob- 
lem occurs. 


Laws of probability 

Once complete, the circuit will pro- 
vide you with hours of fun without 
costing a cent more. Obtaining a pair 
oreven two pair is relatively easy but 
three ofa kind is much more difficult. 
You'll also quickly realise just how 
difficult it is to get four of a kind, let 
along four eights or four zeros. 


-ALTR 


ONICS COMPONENTS 


From the staff at Altronics we thank 
you for your patronage in 1998, and 


wish everybody a Merry Christmas 
and a Happy New Year! 


Best Regards, 
Jack O'Donnell, Managing Director 
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‘monochrome CCD 
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Perfect for surveillance or security camera applications! 
Avallabie as a complete camera with case, lens & 
connection leads, or as a PCB camera with lens. 
TheS 9100 Audio PCB allows you to listen in as well via 
the on-board microphone! The audio board simply 
installs on the camera PCB, and the audio output can be 
connected to the audio input of most modern TVs or 
VCRs 


pee nen BV AS 
1255 


5910 Audio PCB to Suits 9010 S d 9-95 
M3516 12V DC Regulated 


Plugpack to suit 52895 


58 
Й anining, oniy to find. 


th FRI 


ош ЛӨӨ 


D3010 


| 41000 was $199. now PAGO 


grammable 
emote Control 
learning remote control can 
eight remote control. 
ance Modes * 2 Auxiliary 
ted, di 


See our 1997/98 Cat. p170 for full 


The first 50 callers will receive a FREE adaptor plate of their 
choice from the list above, valued at $12.95, with every A 0250! 


wwe ч” чч wu 


ОО 7 PERTH(08)93281599 


Hov AC power X MOSFET output ta 
Эрине lighter socket з ee ecto 
power telev start mode - 
Highs small banery | Ў та 


Precision Digit : dines 
tat our equipme 
LCD Volt and Current | Pe precious battery power. Some uses are 


| Silicon Chip, Apri o% || camping, boating, fishing, mining, 
L Seon Chip, арт э | 


| adaptor required). 
| Includes cigarette lighter sock 


0-30V 2.5A | Mee 5199 now ony $1 19 andby mode rir proat КЫЕКЫ AI models now include 
Siete leads * LEDs e Cuca breaker. а тоа пон пао 
Power Supply Micro-Jet Blow Torch ection (600W & 1200W models to run inductive loads. 


Powered by a refillable gas lighter (supplied), this ЕРО: S399 K 
unique blow torch bums at 150°C, making it ideal 2 нее motors,etc. 

for many types of brazing and heavy 600W 12V Input eo 

duty soldering. The Micro Jet can be ШАКА XN Мур $ 9 
ignited and used simply with one hand. It K 6797 1200W 12V Input 

has an in-built piezo electronic ignition system x era now 24V Input PDD 
which ensures easy lighting every time. Ideal for 


ding, lt! The workshop, lol box work bench ete. Suitable for D 

Mic usps heavy duty soldering, brazing, silver soldering, Santa's Xmas Lights Kit 
hobbies, model construction etc. (See EA Dec '97) This nifty little project consists of five 

rw 1 89 аамин Sd E strings of super bright LED's that flash in a random 


patter to jazz up your xmas tee! 
Discolight Controller Ki 


= ‘Variable flash rate * Low 
t Voltage(Suitable for kids) * Easy 
(Sce SC July/Aug FSS) construction + Modular design 
788) The Discolight 2 E Eu UT 
flashes party lights E E anytime! Comes complete wi 

on and off in beat CBs, polis LEDs and silk screened ease 

with music from 

your amplifier 


xn» P2495 
Features: * à light 


A lab supply with a main output rail 
adjustable from 0 to 30V, at up to 25A. 


A fantastic addition to 


Combine it with owr M 9666 12V AC S00mA Plugpack SB. 4-59 


K 5790 strobe kit for. 


powerful mini di 


ill kit Ideal tor ] 


channels controlled by 4 separate audio Ры а 
channels * Forward reverse and auto- м includes DC pl ing one- 
revi chaser ates» Simultaneous shore! I Saaptr our grinding sione orrcssor|| Solder Roll Holder 
Strobe onal four channel «Alternating light patterns = Music — | cutting dise, four chucks (05,115, | Prototypes! | | KEEP YOUR SOLDER TIDY AND HANDY 
modulation available on chaser strobe and alternate patterns + 24 and 3mm) and 5 PCB drills 8, ON THE BENCH! 
Inbuilt microphone or direct inputs for beat triggering or audio 12and 1.5mm). It's lightweight yet torquey етк This handy solder dispenser 

to handle some tough jobs! Great for drilling and accepts 200g and Tkg rolls of 


modulation of lights » Sensitivity control * Individually pre- 
settable sensitivity levels for each channel * Front panel LEDs 
mimic light display « Pre-punched and silk screened 


xsuos SB d 79 METTE 1-1-] 


Turbo "ool Down’ EZ] 12 & 24V “Dual 
Timer Kit << Mode” Battery Station ses 
Ж Charger Kits © talon employs electronic ich 


(See SC November ^98) (See SC Oct 58) One of the mode акайну in ieu of a mains 
Turbo charged engines problems associated with са, ansformer. ral T 
must be run at idle for fnexpensive commercial chargers s that jou cannot general purpose and production FREE T 1230 Twin. 
few minutes to cool ei Баву сеа foa x soldering. Features: * High insulation Pk Solder Wick PLUS 
down after along journey, longer than neceeary. Doing socauses тъ тант спагоег нт ceramic heating element * Rapid heat: А LM RS 
toavoid damage. This reri, not to mention reducing the fe ИТО чр ага eat recovery » Heater insulation Ni pe 
project allows your car to cryoureipersivebatiay. Ths its COMPARED of over 100M + Zero voltage circuit FREE Solder with 
be run for a few minutes at powered by 240V and will charge a flat аіѕо ехіепаіһе minimises high voltage spikes & every purchase! 
idle speed so you can lock the car and leaveit бо Jead acid battery at2 A until fully charged. eee eve ree а (Valued at $28.90) 
turn off by itself. Features:e 90 second time-out The charger will then keep the battery sensitive devices • Continuous 
P Under temp. disable Reset switch + Robust topped up by maintaining a small curent о. temperature adjustable from 250° to 430°C + Grounded 
flanged box * Simulated Ignition Cutout for ^ (05А) to the battery. Supplied with all the Ы errata terre ши 
immobiliser * Мо! wer drainonce components and an attractive housing 1 temperature is as simple as turning a knob. Supp 
SETEN T with Long-Lasting Iron Clad Tip 


Т 
кюю Ө-ээ сс аз russe sus Now SB d 229 


5 4335 Optional 30A Relay to suit $6.95 


YES! We Now Accept Diner's Club and American Express Cards!! | 
n = 


этни Please note, Normal RRP rates quoted are сш and may vary s 


bles model solder. Can be mounted on 
custom panel хасаа 


тому 1 9-95 
Micron Soldering 


trimming PCBs, engraving 
making, polishing gems or 


T= Phone (08) 9528 1593. Fax (08) $528 3487 2 
SAIL ORDERS C/- PO, Box 8350 nary due to the softening of the AS). All orders 
ДР? PPS P PPM | vests Business Centre, WA 55 'el Express Road—Please allow up to 7 days 1200 to 


$4.00 to à ке соуег damage 
ordering please 


lighted with a Ш. These dealers generally carry a comprehensive range of 


Allow approx 9 days to when you receive goo 
g is $9.0, 3kg to Skg is $16.00—We w 
the day received (if placed before 2.00PM WST) and despatched for delivery the next 


Country areas please allow an additional 24-48 hours. 


VINTAGE RADIO 


By RODNEY CHAMPNESS, VK3UG 


Improvements to AM broadcast 
band reception; Pt.2 


This month, we look at some practical 
antennas that you can make to dramatically 
improve AM broadcast reception. Both long 
wire and loop antennas are described. 


In the first article, the theory be- 
hind improving AM radio reception 
was discussed. In particular, it is im- 
portant to have a good antenna and 
earth system, located in an area where 
signals are good and interference mini- 
mal. The location is particularly im- 
portant, to minimise interference from 
man-made sources. 

In this article, some practical meth- 
ods of improving AM radio reception 
will be described. In some cases, a 
relatively simple method will suffice, 
However, more elaborate systems are 
required in very noisy locations or 
where long distance reception is re- 
quired. Often, it will be necessary to 


INSULATOR 


APPROX 
5m 


experiment to find which method or 
methods give the best results. 


“Long” wire antennas 


The “long” wire antenna is easy to 
erect and can give quite good results. 
“Long” wire is a relative term and is 
generally used to mean long in rela- 
tionship to the wavelength of the ra- 
dio wave received. However, it is ob- 
viously a short wire antenna in rela- 
tion to AM broadcast band wave- 
lengths but the term has stuck. 

Older receivers of the pre-transistor 
era almost universally have aerial/an- 
tenna and earth terminals. Most ofthe 
later valve receivers have a loopstick 


INSULATOR, 


| EARTH PIPE Im 


MINIMUM INTO 
MOIST EARTH 
Fig.1: the basic scheme for a “long” wire antenna. Note that the extra 
wire which goes up to the antenna proper (the wire that goes from the 
earth but does not connect to the antenna) can be omitted if noise isn't 


a problem - see text. 
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aerial as well and in most suburban 
areas perform quite well, as the sig- 
nals are strong. However, as time has 
progressed, houses have been built 
with metallised insulation paper in 
the walls and sometimes in the ceil- 
ing and under the floor, or have other 
metal structures that act as radio sig- 
nal shields. Additionally, many new 
domestic devices, including personal 
computers, often create interference. 

An outside antenna consisting of 5- 
15 metres of insulated wire taken out 
through the wall of the home and run 
along the eaves is usually sufficient to 
give quite a reasonable improvement 
to the reception. The antenna is away 
from the interference producing 
sources and the wanted radio signal 
outside is stronger. There is nothing 
magical about insulated wire except 
that it is easier to handle and prevents 
shorts. 

Ifreception is still not good enough, 
a longer and higher outside antenna is 
needed. In the early days of radio, 
outside antennas were commonly 30 
metres long and around 13 metres 
high. However, antennas of such di- 
mensions are clearly not practical in 
the average domestic environment. For 
best performance, the antenna should 
be high and long but anything higher 
than 5 metres and longer than 15 me- 
tres will be reasonably effective. 

The antenna can be installed as 
shown in Fig.1. Note that the extra 
wire which goes up to the antenna 
proper (the wire that goes from the 
earth but does not connect to the an- 
tenna) can be omitted in this instance. 
It is used in another antenna system 
to be described shortly. 

The antenna lead to the outside of 


the home should be as short as rea- 
sonably practical and should be kept 
well away from any electrical appli- 
ances and wiring to reduce the likeli- 
hood of interference pickup. The mast 
that the television antenna is attached 
to, ora chimney, are convenient spots 
to attach one end of the antenna sup- 
port cable. 

As shown in Fig.1, the end of the 
antenna is kept well away from the 
house to reduce interference. It is sug- 
gested that the wire between the set 
and the horizontal section of the an- 
tenna be insulated. It should also be 
resistant to the Sun’s ultraviolet rays. 

By using ordinary domestic electri- 
cal twin flex, it is possible to modify 
the antenna from an ordinary outside 
antenna to a noise reducing type. This 
is doneby connecting or disconnecting 
the "unused" lead from the set's earth 
terminal. 

The horizontal section of the an- 
tenna can be insulated or bare wire. A 
cheap wire is tie wire which is used 
in the garden. At around 18 gauge, it 
is quite adequate for the job, being 
strong, light and inexpensive. Copper 
wire is not needed. 

The "egg" insulators at the ends of 
theantenna can be obtained from some 
of the retailers who advertise in this 
magazine or from suppliers who sell 
electric fence components. All wire 
joins in the various parts of the an- 
tenna must be soldered if they are out 
in the weather, otherwise the recep- 
tion will be spoilt by crackling when 
wind moves the antenna (particularly 
if corrosion sets in). 

Fig.2 shows the wiring to the egg 
insulators. It is important to ensure 
that minimal stress is placed on the 
wire where it joins the antenna proper. 

An external earth may not be needed 
to give the improvement in reception 
that is desired. However, if you are 
going to all this trouble, it is desirable 
to install a radio earth as well, even 
though the radio may already be 
earthed via the mains. The radio earth 
can bea 1.5 to 2-metre length of 19mm 
galvanised water pipe driven into 
moist soil near the side of the home. 
The earth wire is clamped to the pipe 
with an electrician’s earthing clamp 
or a screw-type hose clamp. The joint 
needs to be cleaned and, when every- 
thing is tightened up, painted to re- 
tard any corrosion (see Fig.1 in last 
month’s column). 

Note that the earth wire should be 


SUPPORT WIRE TO 
CHIMNEY, ETC. 


WIRE STRIPPED OF 
INSULATION AND. 
SOLDERED TO 
er 


TO ANTENNA BUT 
NOT ELECTRICALLY 
CONNECTED. 


TERMINALS. 


Fig.2: here's how to connect 


До the various leads for а “long” 


ANTENNA EARTH 
TERMINAL TERMINAL wire antenna to the insulator. 
Ha TO ANTENNA 
Е 
оо 
ТО BASE 
ТО EARTH ANTEA ict oF 
2-5 TURNS OF INSULATED EARTH CONVERTER. 
WIRE WRAPPED AROUND SET TRANSISTOR 


Fig.3: a "long" wire antenna 
can be inductively coupled to 
a portable radio by winding a 
few turns around the set, as 
shown here. 


reasonably heavy gauge insulated 
wire. If the set chassis is earthed, it is 
desirable to place a .001НЕ to .01uF 
mica or polyester capacitor in the 
newly installed radio earth lead be- 
fore it attaches to the set. This is to 
prevent this earth from taking the place 
of the mains earth. 

The next improvement is to make 
the long-wire antenna a “noise reduc- 
ing” type. This is achieved as shown 
in Fig.1, by running a twin wire lead 
up to the antenna proper. This lead 
can be domestic electrical twin flex or 
300-ohm twin black ribbon television 


Fig.4: another way of coupling a 
“long” wire antenna to a 
portable set is to wind a few 
turns of insulated wire around 
the loopstick antenna. 


Fig.5: (left): an untuned loop 
antenna gives less signal 
strength but is quite effective 
at reducing interference. 


cable. The latter will last much longer 
as it is treated to resist ultraviolet 
radiation. 

Don't use the clear cable; it has no 
UV protection and will deteriorate 
within about 12 months if it is out in 
the weather. 

Which ever cable is used, it should 
be supported using both leads. Note 
that the second unterminated wire is 
left with its insulation intact so that 
the wire touches nothing and so that 
it can be tied to the antenna. It must 
be attached so that it doesn't chafe. 

The advantage of this scheme is 
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RIBBON TO 
RADIO 


Fig.6: a tuned loop antenna can drama! 


PICKUP TURN. 
WOUND OVER 
FOURTH TURN 


TUNING 
CAPACITOR 


tically improve AM broadcast reception. 


It is less responsive to interference sources than a “long” wire antenna and it is 


directional. This means that unwanted i 


out by rotating the loop. 


that the twin wire from the antenna 
proper to the set picks up very little 
signal, as one wire is earthed and acts 
as a shield for the other. This means 
that, if it goes through a noisy area on 
it way to the set, no extra signals are 
picked up and so the radio receives a 
signal that is largely noise-free. 
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interfering stations can often be nulled 


There are a couple of disadvantages, 
however. Because the “shielded” sec- 
tion of cable doesn’t pick up any sig- 
nal, the effective length of the an- 
tenna is reduced compared to using 
an unshielded down lead. In addi- 
tion, some signal is lost due to the 
proximity of the earthed wire to the 


signal-carrying wire. This means that 
aslightly larger long-wire antenna may 
be needed to overcome these losses. 
Note that 3000 TV cable has less 
capacitance between its wires than 
electrical twin flex and will have less 
loss of signal. However, it may pick 
up a small amount of interference. 


Long-wire antennas & 
transistor sets 

How can the long wire antenna be 
used with a transistor set that needs a 
boost in performance? This is quite a 
problem as most transistor sets have 
no external antenna and earth termi- 
nals. One solution is to remove the 
back from the set and wind a few 
turns of insulated wire around the 
loopstick antenna, This is then con- 
nected to the antenna and earth wires 
coming into the house. 

However, before doing this I would 
suggest a different approach. This in- 
volves winding 2-5 turns of insulated 
wire around the set as shown in Fig.3. 
You then connect one end ofthe wind- 
ing to the antenna and the other to the 
earth. 

Now turn the set on and tune across 
the broadcast band. If the set is a good 
one, it will be found that previously 
noisy stations are much clearer and 
additional stations will become quite 
audible. However, if the set is the 
typical mass-produced suburban 
"cheapie", the results may be disap- 
pointing. In addition to the wanted 
stations, many stations may appear in 
odd spots on the dial, along with 
shortwave and Morse code stations. 

To add insult to injury, the stations 
that were originally heard well may 
now have other stations interfering 
with them. So putting up this lovely. 
new antenna/earth system has, in this 
instance, been a complete disaster. 

What has caused this, and how can. 
good clean signals be obtained for tran- 
sistor sets, so that the expected im- 
proved reception can be obtained? 

The cause of the problem was men- 
tioned in the first article: poor selec- 
tivity in the receiver's antenna cir- 
cuit. In addition, the “link” winding 
to the base of the autodyne converter 
transistor couples nicely with the link 
winding that has just be placed around 
the receiver (see Fig.4). This means 
that shortwave signals will easily be 
transferred from the antenna link 
winding to the transistor base wind- 
ing. 


This base winding will have a ten- 
dency to be broadly resonant in the 
shortwave bands. This would not bea 
problem in itself were in not for the 
fact that the local oscillator generates 
many harmonics in addition to the 
wanted oscillator frequency. As a re- 
sult, the shortwave stations beat with 
the oscillator harmonics and produce 
the multitudinous unwanted signals. 

Some of the better sets don’t suffer 
from this problem but most do. The 
way around the problem is to increase 
the selectivity of the receiver and the 
procedure will be described later. 


Loop antennas 

In the past, many people simply 
connected 5-10 metres of insulated 
wire to the antenna terminal ofa valve 
radio. This was often laid around the 
skirting boards and reception in most 
cases was satisfactory. However, it was 
soon shown that if the wire was run 
along the picture rail and then dou- 
bled back along the skirting board, the 
reception was just the same. 

The next step was to connect the 
end that had been doubled back to the 
set earth. “The set earth!”, you might 
say. “That will short the signal out!” 
Not so – the antenna wire in fact be- 
comes a large untuned loop antenna 
and its effectiveness in picking up 
signals is governed by the area within 
the loop. What will be noticed is that 
while the signals are a little weaker, 
the interference completely disap- 
pears in many cases. 

In this case, the antenna system has 
been changed from a “long” wire (elec- 
tric field pick-up) antenna to a loop 
(magnetic field pick-up) antenna, just 
by earthing the end of the antenna. 
This is a simple way of assessing the 
effectiveness of the two types of an- 
tennas. So let's now take a look at the 
loop antenna types that can be used. 

Loop antennas have been used since 
the very early days of wireless (radio) 
ina variety of forms. Some of the early 
sets had a loop antenna sitting on top 
of them. They were rather bulky and 
so were the sets. Gradually, the loop 
gave way to the “long” wire antenna, 
which meant less bulk in the lounge 
room. 

As radio progressed, the valves and 
components became smaller and port- 
able battery radios were developed. 
The early sets used a spider web weave 
loop antenna (coil) in their back which 
nominally measured around 25 x 
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Fig.7: an alternative scheme for a practical loop antenna. It uses a loop made 
from 13mm polythene pipe and 10-conductor rainbow cable. The bottom ends 
of the loop are secured to a standard plastic case using saddle clamps - see text. 


18cm. These were reasonably efficient 
although not as good as the ones used 
in the sets of the 1920s which meas- 
ured up to 60cm square. 

In the early 1950s, the flat wire loop 
was gradually replaced with the new 
ferrite loopstick antenna. These units 
were more compact than the large 
loops in the back of portables. 

However, they weren't particularly 
small in Australian-made high-per- 
formance sets (transistor sets in par- 
ticular), commonly measuring 200mm. 
long x 13mm in diameter (and a few 
were even larger than that). Cost con- 
siderations meant that the size was 
reduced in later years and some fer- 
rite rods are now just 40 x 8 x 4mm. 
These are found in sets intended for 
use with signals from strong local sta- 
tions. 


Practical loop antennas 


Let's now take a look at two loop 
antennas that you can build to dra- 
matically improve reception and re- 
duce the deleterious effects of inter- 
ference. 

The first antenna has a loop dia- 
meter of nominally 1 metre. It con- 
sists of a frame made of wood or plas- 
tic, as shown in Fig.6. The tuned wind- 


ing consists of 7 turns of wire spaced 
around the extremities of the loop 
frame. The beginning and end of this 
winding terminate to the stator and 
rotor terminals respectively of a sin- 
gle-gang variable capacitor (or you can 
use one gang of a dual-gang variable 
capacitor). 

The seven turns will tune across 
the broadcast band with a tuning 
capacitor of around 400pF. If the gang 
has only about 300pF maximum ca- 
pacity (eg, if two sections of a mini- 
ature tuning gang for a transistor 
radio are paralleled), an additional 
turn or two may be required to cover 
the broadcast band completely (you 
may have to experiment to get the best 
results). 

An additional (separate) pickup 
turn is also wound around the frame 
and this is terminated on the insulat- 
ing plate and then connected to the 
antenna and earth terminals of the 
set via a 300Q ribbon cable (TV twin 
lead). 

Provided it is suitably weather- 
proofed, this antenna can be located 
outside, away from noise sources. The 
disadvantage is that it can only be 
tuned to nominally one station, which 
means that you have to go outside to 
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The rainbow cable leads for the antenna shown in Fig.7 are brought into the 
plastic case and wired in series by terminating them on tagstrip. The end of the 
brown lead joins to the start of red lead, the end of the red lead to the start of the 
orange lead and so on, as shown іп Fig.7(c). Note that the yellow wire isn't 
connected to anything, to reduce the distributed capacity across the winding. 


retune the loop. However, if you only 
wish to listen to one station, that is no 
problem. 

Another approach is to use varicap 
diodes instead of a mechanical tuning 
capacitor. This will enable the an- 
tenna to be remotely tuned via a vari- 
able DC voltage which can be fed down 
the antenna twin lead or coaxial cable 
from the receiving location. 

This loop antenna has two advan- 
tages over a long-wire antenna: (1) it 
is less responsive to interference 
sources; and (2) it is directional, so 
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that (in some situations), unwanted 
stations can be nulled out by rotating 
the loop. 


The second loop antenna 

Another variant of this loop antenna 
= which in some ways is easier to 
construct — uses 13mm-diameter poly- 
thene pipe as the former for the wires. 
The wires are slid inside the pipe but 
you don't have to slide them in one- 
by-one. Instead, the trick is to use 10- 
strand rainbow cable. 

You will need 3.15 metres of 13mm 


polythene pipe plus four saddle 
clamps. In addition, you need a plas- 
tic case measuring at least 130 x 68 x 
41mm, 3.25 metres of 10-conductor 
rainbow cable, an 11-lug terminal 
strip, a tuning capacitor, a knob, a 
SPDT toggle switch, a 1.2-metre length 
of timber or plastic conduit to support 
the top of the loop and some screws to 
mount the pieces of hardware. 

The first step is to thread the wire 
through the pipe. To do this, attach a 
small nut to some cotton and feed this 
through first. This done, attach some 
string to the cotton and pull this 
through, then use the string to pull 
through the rainbow cable. Trim the 
rainbow cable to length, leaving about 
80mm exposed at either end. 

The assembly of the loop antenna 
can now commence — see Fig.7. Drill 
holes for the cable to go into the side 
of the box plus holes to accommodate 
the screws that go through the saddle 
clamps. The tuning capacitor is 
mounted inside the box. Very small 
variable plastic capacitors are easier 
to mount — if you can get suitable 
screws. In some cases, epoxy adhe- 
sive can be used instead but be careful 
how you apply it. The 11-lug terminal 
strip is also mounted in the box to 
terminate the leads of the rainbow 
cable. 

The loop is now fastened to the 
back of the box using the four saddle 
clamps. The 1.2-metre length of tim- 
ber is attached to the side of the case 
using two screws and is used to sup- 
port the loop at the top. This ensures 
that the loop remains vertical and 


A 1.2-metre length of timber is attached to the side of the 
case and supports the top of the antenna loop, so that it 
remains vertical. In operation, the radio is placed inside 
the loop (on top of the plastic case) and the loop tuned and 
rotated for best reception. 
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Fig.8: a large untuned loop antenna. It is more elaborate than the one 
shown in Fig.5 and is also a better performer. This type of antenna is 
more suited for use with a radio that is equipped with both antenna 


and earth terminals. 


stops it from flexing — see photo, 

The ends of the rainbow cable are 
brought in through the hole in the 
back of the box and connected to the 
terminal strip. Note that each wire is 
wired in series with the last one — see 
Fig.7(c). Begin by soldering the brown 
wire at the “start” end of the cable to 
the end terminal lug. Its “end” is then 
connected to the second lug, along 
with the red wire of the “start” end. 
The “end” of the red wire then goes to 
lug three, along with the “start” of the 
orange wire, and so on. 

Note that the “end” of the orange 
wire attaches to the “start” of the green 
wire. The yellow wire (which comes 
after the orange wire) is not connected 
to anything. This is done to reduce 
the distributed capacity across the 
whole winding so that the loop will 
tune properly. 

The sequence of the wiring then 
continues with the normal colour code 
progression, finishing with the “end” 
of the black wire going to the 10th lug. 

Unfortunately, the distributed ca- 
pacity is still too great for the loop to 
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tune the whole of the broadcast band 
in one sweep. To overcome this prob- 
lem, the brown wire from the loop 
connects to the rotor of the tuning 
capacitor The SPDT switch is then 
used to connect the tuning gang stator 
(s) to either the junction of the green 
and blue wires or to the single black 
wire. The circuit diagram shows the 
connections. Remember to make sure 
any trimmers mounted on the tuning 
gang are adjusted for minimum ca- 
pacity. 

The loop is now ready to test. Tune 
a transistor set to a weak station, then 
place it in the loop and rotate the 
loop's tuning capacitor for best recep- 
tion. All being well, a very noticeable 
improvement in reception will be ob- 
served. 

Now tune the transistor radio to 
both ends of the dial to determine 
whether or not the loop covers the 
whole band. It may be necessary to 
vary the number of turns in use to 
cover the whole band, depending on 
the tuning capacitor used. 

Rainbow cable has high distributed 
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capacitance between turns, making it 
necessary to tune the broadcast band 
in two stages. If the turns are spaced. 
away from each other, the distributed 
capacitance would be low and the 
whole band could be covered in one 
sweep. This type of loop is more diffi- 
cult to make though. 


Nulling unwanted stations 


One very convenient feature of these 
two loop antennas is that by rotating 
them horizontally, it is possible to 
null out unwanted stations. This can 
make a big difference where a wanted 
station is being interfered with by an 
unwanted station. As long as the ap- 
parent directions of the wanted and 
unwanted stations are greater than 45 
degrees apart, the results can be very 
satisfying. 


Untuned loop antennas 


Because of their size, tuned loops 
are usually not well accepted in a 
domestic environment. However, 
untuned loops can do all that the tuned 
loops can do and more, with the ex- 
ception that they cannot be rotated to 
null an unwanted station out. They 
are also rather large but because they 
are mounted outside, they don't cause 
any inconvenience inside the home. 

Fig.8 shows the large untuned loop. 
antenna. It is more elaborate than the 
oneshown in Fig.5 and is also consid- 
erably better. It is installed away from 
interference sources, usually in the 
back yard. It must be orientated so 
thatthe horizontal sections nominally 
point towards or away from the sta- 
tions of interest. As with the tuned 
loop antennas, there will be a signal 
null at right angles to loop. 

This type of antenna is more suited 
for use with a radio that is equipped 
with both antenna and earth termi- 
nals. 

That's all we have space for this 
month. Next month, we'll describe 
how to make an antenna booster. SC 
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RADIO CONTROL 


BY BOB YOUNG 


An F3b mixer module; Pt.2 


In this final article on F3B sailplanes, we 
describe the circuit and construction of a 
mixer module to suit the encoder in the 
Silvertone Mk.22 transmitter. It provides a 
wide range of programmed functions using 


simple op amp stages. 


Last month, we covered the opera- 
tion of the basic building blocks to be 
used in this F3B module. These com- 
prised inverting and non-inverting 
mixers and end-point clamps to limit 
servo travel in certain configurations. 

If you are to fully understand how 
this module works, you will need to 
refer back to the circuit of the Mk.22 
transmitter encoder which was pre- 
sented in the March 1996 issue of 
SILICON CHIP. An 8-channel encoder, 
it has a column of 3-pin sockets of 
connections for the control sticks, aux- 
iliary pots and toggle switches. Then 
there is a column of trimpots which 
are the ATV/dual rate set pots and 
another column of 3-pin sockets for 
the dual rate/normal/ATV program- 
ming pins. 

These functions can be added onto 
via the TB10 mix/expand socket on 
the encoder board and this mates with 
the TB18 mix/expand plug on the F3B 
mixer module. 

All control voltages from the trans- 
mitter front panel controls are avail- 
able at TB10/TB18. 

Fig.1 shows the complete circuit 
diagram of the module. Note that there 
are four pairs of mixers: IC1a & 1С1Ь 
(Aileron slave), IC1c & IC1d (Droop/ 
Crow), IC2a & IC2b (Flap/Elevator 
compensation) and finally IC2c & IC2d 
(*V" tail). IC3a & IC3b are the two end 
point clamps. 
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Included on the circuit is a panel 
giving the recommended channel al- 
location for this module. TB11 is the 
patch cord plug for each channel and 
is numbered 1-8 from top to bottom. 
The pre-programming assumes this 
channel allocation is adhered to. 

As stated last month, the module 
essentially consists of matched pairs 
of mixers, one inverting and one non- 
inverting. Each mixer pair is fitted 
with 3-pin input and output plugs 
arranged in such a way that the pre- 
programmed functions can be acti- 
vated by fitting micro-shunts. These 
input/output plugs may also be re- 
motely switched or hard wired as the 
application demands. 

Alternatively, each op amp mixer 
may be used as a free mixer (non- 
programmed) by using a patch cord 
which is rotated 180 degrees to pick 
up the input and output pins, as illus- 
trated last month. 

The pre-programmed lines have 
been drawn with heavy lines and they 
all begin and end at TB18 because we 
are drawing on a portion of the con- 
trol voltages applied to the multiplexer 
inputs (4051) located on the main en- 
coder PC board. We then modify them. 
and reapply this modified control volt- 
age back to the appropriate multi- 
plexer inputs. All of this takes place 
via TB18. 

The pre-programming on the mod- 


ule presented is as follows: a three- 
servo wing for flaps, slaved aileron 
servo, flap/elevator compensation, 
Droop/Crow and “V” tail. The four- 
servo wing setup (two flap servos) 
uses one of the free mixers, either on 
the module or the encoder via a patch 
cord, 

Last month I stated that in the Mk.22 
F3B module, each pair of mixers share 
common input and output plugs and 
a consistent system has been adhered 
to in order to simplify programming. 
However, note that the Crow landing 
and "V"-tail mixers have four plugs 
that are cross-coupled. This deviation 
was called for in order to simplify the 
pre-programming and setup of servo 
directions. 

In general, the lefthand trimpot is 
the inverting mixer gain control and 
the righthand trimpot is the non-in- 
verting gain control. Input is always 
on the lefthand pair of 3-pin plugs 
and output on the right and the non- 
inverting input/output pair of pins is 
always closest to the row of pots. 
Clockwise rotation always increases 
servo travel. VR1 & VR2 are excep- 
tions due to the nature of their opera- 
tion. 


Aileron slave circuit 


The aileron slave circuit is straight- 
forward. The aileron input is picked 
off at TB18 (pin 1) and fed to a suit- 
able mixer via TB1. The output is 
then taken to TB18 (pin 10) via TB3. 


Fig.1: The F3B mixer module consists 
of a number of four pairs of inverting/ 
non-inverting op amp mixers together 
with a pair of end-point adjust 
circuits (IC3a, IC3b) to limit servo 
travel. 
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Fig.2: the double-sided PC board has surface mount components on both sides. 
The top view is at the top of the page, with the bottom view immediately above. 


The aim is to end up with two servos 
working in opposite directions from 
the same input signal. 

VR3 & VR6 are the servo travel ad- 
justments and are used to set the travel 
ofthe slaved servo to match that ofthe 
master servo. Once the two travels are 
matched, both servos will track from 
the ATV control on the encoder PC 
board. As only one of this pair of 
mixers is used on the ailerons, there is 
always a free mixer in this pair. 


Flap/elevator compensation 


Flap/elevator compensation is also 
quite straightforward. The flap input 
is picked off at TB18 (pin 25) and fed 
into a mixer pair via TB7. Output is 
directed to the elevator input at TB18 
(pin 2) via TB8. The usual arrange- 
ment here is to end up with elevators 
going down when the flaps are low- 
ered. By replacing the micro-shunt on 
TB8 with a switch, the flap compen- 
sation may be switched in or out from. 
the front panel. This switch may be 
combined with the Launch/Cruise/ 
Crow switch and arranged so that el- 
evator compensation is only activated 
with Crow. In this case we use a 4- 
pole ON-OFF-ON switch. Again, there 
is always a free mixer in this pair. 


“V” tail setup 
*V" tails can be devilishly difficult 
to program but not with the setup in. 


70 SILICON CHIP 


this module. The essence of "V" tail 
mixing is cross-coupled inputs. In 
other words, the rudder channel is 
mixed into the elevator and the eleva- 
tor is mixed into the rudder. Thus the 
elevator input is picked off at TB18 
(pin 2), modified and applied to the 
rudder input at TB18 (pin 7). Like- 
wise, the rudder input is picked off at 
ТВ18 (pin 3), modified and reapplied 
to the elevator input at TB18 (pin 6). 

The cross-coupled wiring on the 
four input/output plugs is to provide 
servo reversing if required. Thus each 
input is modified by a non-inverting 
or inverting mixer as dictated by the 
placement of the micro-shunts on 
TB14, TB15, TB16 & TB17. The de- 
sired end result is usually to have 
both servos travelling in the same di- 
rection for elevator and in opposite 
directions for rudder. All four shunts 
must be placed on the same side of the 
connectors orall four moved across to 
reverse rotation. 

Instead of rudder and “V” tail mix- 
ing, we it could quite easily have 
Elevon mixing; *V" tail mixing and 
Elevon mixing are identical in struc- 
ture. In the case of "V" tail mixing, 
rudder is mixed into elevator and in 
the case of elevons, ailerons are mixed 
into elevators. 

Thus the pre-programmed F3B mod- 
ule can be used asa delta mix (elevons) 
module simply by changing channel 


allocation on the encoder PC board, 
so that the aileron control lead plugs 
onto the rudder (channel four input, 
encoder PC board, TB9). Likewise, a 
simple two channel “V” tail glider 
such as the Stingray 2M would best be 
set up with the aileron stick as the 
primary steering control with the lead 
on channel four (encoder TB9). 

As soon as the four micro-shunts 
are placed on one side of TB14, TB15, 
TB16 & TB17, "V" tail mixing is avail- 
able. To reverse the action, simply 
moveall four micro-shunts to the other 
side of the connectors. Keep in mind 
here that the servo direction can still 
be reversed by rotating the lead on the 
encoder PC board, so there are many 
options. 

Despite the deviation in consist- 
ency of layout, both mixers are still 
available as free mixers by using the 
patch cord rotated by 180 degrees. 
Due to the cross-coupling, there will 
be two input and two output connec- 
tions available. There is no free mixer 
in this pair in the pre-programmed 
mode. 


Droop/crow configuration 

The Droop Ailerons/Crow landing 
sub-module is a special case. Access 
to each mixer is on the centre pins of. 
TB2, TB4, TBS & TB6, contrary to the 
statement that the programming is al- 
ways on the centre. The droop and 
crow mixer configuration is a tricky 
bit of work. Each surface of the ailer- 
ons works in the opposite sense in 


that as one moves up the other goes 
down. Now to apply droop (both mov- 
ing down simultaneously), one servo 
must be fed from a common point 
with a non-inverting input and the 
other with an inverting input. 

However in the case of the Crow 
landing configuration both servos 
must go up simultaneously, exactly 
the opposite to that of droop. In other 
words, the servo that was fed an in- 
verting input now receives a non-in- 
verting input and vice-versa. So why 
not save a pair of mixers by simply 
reversing the inputs from the Droop 
configuration? This is exactly what is 
done in the Droop/Crow circuit. 

If you now refer to the Fig.2, the 
component overlay for the PC board, 
you will notice that TB2 & TB4 are 
placed in the normal side-by-side ar- 
rangement and ТВ5 & TB6 are like- 
wise. This allows the free mixer to be 
accessed with a patch cord from the 
centre of each pair of plugs. The cross 
coupling in this case is done with 
potentiometers VR1, VR2, with the 
mixing output coming from the wiper 
ofeach pot. R28 & R29 are simply zero 
ohm jumpers. 

Switching is achieved by using an 
ON-OFF-ON double-pole switch wired. 
to two standard servo plugs, one 
plugged onto the mixer outputs TB4 
and one onto TB6; signal to the centre 
terminal in each case. Remember to 
keep the polarity ofthe plug the same 
on each mixer plug. The sense of op- 
eration of this switch may be reversed. 
by rotating both plugs by 180°. This 
switch may be located on the front of 


s is the underside view of th 
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the transmitter and becomes the 
Launch/Cruise/Crow master select 
switch. A micro-shunt placed on the 
input plugs TB2 & ТВ5 completes the 
programming of this sub-module. 

Thus when the centre-off switch is 
in the middle position, there is no 
mixing applied to the ailerons. When 
Launch mode is selected, one mixer is 
connected to one end of VR2 and the 
other to one end of VR1. When Crow 
is selected, the order is reversed and 
the mixer connected to VR1 is con- 
nected to the other end of VR2 and 
vice-versa. 

Thus VR1 & VR2 are balance pots 
which set the ratio of Crow to Droop 
signal applied to each aileron (ap- 
proximately 80:20 - 20:80). VR4 & VR5 
set the overall gain ofthe mixers (servo 
throw) and are also used to set the 
balance for each servo travel. Once 
the servo throws are equal, VR1 & 
VR2 distribute it to the servos in the 
correct proportions. The usual arrange- 
ment is have more Crow movement 
than Droop. 

It soon becomes apparent that by 
removing the micro-shunts on the in- 
puts of this mixer pair (TB2, TB5), the 
pre-programmed coupling with the 
flaps is removed and any other suit- 
able source of control voltage may be 
substituted for the flap input. This 
voltage could come from switched 
pots, auxiliary levers or pots etc. As 
stated previously, only the imagina- 
tion and level of understanding of the 
operator limit the Mk.22 system. 

The same is usually true of the re- 
ally smart computer systems, so take 


P.C.B. Makers ! 


If you need: 

P.C.B. High Speed Drill 

P.C.B. Guillotine 

P.C.B. Material — Negative or 
Positive acting 

Light Box — Single or Double 
Sided — Large or Small 

Etch Tank – Bubble or : 
Circulating — Large or Small 
U.V. Sensitive film for Negatives 
Electronic Components and 
Equipment for 

TAFES, Colleges and Schools 
FREE ADVICE ON ANY OF 
OUR PRODUCTS FROM 
DEDICATED PEOPLE WITH 
HANDS-ON EXPERIENCE 


* Prompt and Economical Delivery 


KALEX 


40 Wallis Ave E. Ivanhoe 3079 
Ph (03) 9497 3422 
FAX (03) 9499 2381 
* ALL MAJOR CREDIT 
CARDS ACCEPTED 


Huge range of VIDEO 


Processors, Stabilisers, Mixers, Editors, TBC's, 
Standards Converters, Switchers, Amplifiers, 
connectors, cables, adaptors, kits. PC editing 
cards & software:- FAST DV, AV Master plus, 
Miro DV300, DC30+, DPS Spark, Edit Bay, etc. 
SCSI cards & drives. PC Converters & Genlocks. 
Call for prices and information or... 


Check our website for latest prices and 
MONTHLY SPECIALS 
http://www.questronix.com.au/~questav 


You can fax post, phone or email your order 
We accept AMEX, VISA, Master & Bank cards, 
cash and direct deposit, but not cheques. 
Ex-tax sales available to exempt buyers. 
Prompt delivery within Australia & overseas. 


QUESTRONIX 


2/1 Leonard Street, HORNSBY, NSW, 2077 
Р О Box 548, WAHROONGA, NSW, 2076 
Fax(02)94773681 Ph. (02) 9477 3596 
Email questav@questronix.com.au 
Visitors and demo's by appointment only. 


Adjust RGB/ Contrast Brightness/ Sat 
etc. 4 Ур Audio & Video г зе 
Y/C & Comp. ips & орз in any combination. 


» built-in Bars, Black 
Burst, YUV& RGBop' etc, 


DECEMBER 1998 71 


the trouble to fully understand your 
system. 


End point clamps 

Using the flap lever to activate the 
Droop/Crow function in a half-rail 
encoder introduces some complica- 
tions as unwanted mixing will be ap- 
plied at the top end of the flap travel. 
To overcome this, we use an end-point 
clamp to set the neutral point (servo 
end travel) at the half-rail voltage. 
Thus if one of the auxiliary potent- 
iometers is plugged onto TB9 or TB13, 
the auxiliary pot on the transmitter 
front panel can be used to set the flap 
position. In operation, the servo fol- 
lows the flap lever until the end-point 
is reached and movement ceases. 

Now this provides a very useful 
function in that wing camber is now 
directly controllable from the front 
panel in flight via the auxiliary pot. 
R23, R24 and R26, R27 are limit resis- 
tors and restrict the amount of camber 
variation available. The larger the val- 
ues of the resistors, the smaller the 
camber change angle becomes. Thus 
camber can be set to suit the condi- 
tions of the day or during trimming of 
the model before transferring the val- 
ues into set pots. 

Diodes D1, D2 and D3, D4 reverse 
the end-point. By placing the micro- 
shunt on the appropriate half of TB10 
or TB12, high end or low-end-point 
adjustment is available. 

Out 1 and Out 2 are the patch plugs 
for the end-point clamps and are sim- 
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ply single header pins or may be hard 
wired into the circuit. These can go to 
any pin on TB11. If you are using 
them for aileron differential, one must 
go to each aileron input. 

To use the F3B module on a Mk.22 
transmitter, simply remove the exist- 
ing eight micro-shunts from TB10 on 
the encoder PC board and plug in the 
module. Connect the appropriate 
switches and pots to the 3-pin plugs 
and you are ready to set servo direc- 
tions. Place the micro-shunts on one 
half of the 3-pin plugs and switch on. 
To reverse the servo, simply move 
both micro-shunts to the other side of 
the 3-pin connectors. Adjust the servo 
throws and you are ready to fly; all 
very simple. 


Assembly 

Assembly is quite simple. As it is 
all in surface mount, it might pay to 
read "Working with Surface Mount 
Components", as featured in the Janu- 
ary 1995 issue of SILICON CHIP, before 
you start. 

Begin by mounting all the ICs, then 
do all of the smaller surface mount 
components, remembering that there 
are SMDs on both sides of the PC 
board. Next, mount the large connec- 
tor TB18 on the side away from the 
ICs. followed by TB11. TB11 is a little 
tricky in that it protrudes an equal 
distance either side of the PC board. 
Be sure to use the long header pins 
provided for this connector. TB11 is 
the patch cord input and provides 


two inputs for each channel by virtue 
of the fact that there is sufficient length 
either side of the PC board to plug on 
a patch cord. 

Next mount the header pins with 
the pins on the IC side of the board. 
Finally, mount the trimpots. 

Assembly is completed by either 
wiring the end-point clamp(s) perma- 
nently into the appropriate channel(s) 
or making a small single pin patch 
cord for each channel. Do not forget 
the single header pin in each of the 
end-point out pads. 

Acknowledgment: I would like to 
thank Dean Herbert of Microherb Elec- 
tronics for his assistance with the end- 
point clamp. 


Bob Young is the principal of Silvertone 
Electronics. Phone: (02) 9533 3517. 
Web-site: www.silvertone.com.au 


Kit Availability 


The F3B mixer module is priced as 
follows: 

Fully assembled module $99.50 
Complete kit with PC board .. $75.00 
Double-sided PC board ........ $19.50 
Postage & packing for the above kits 
is $3.00. Payment may be made by 
Bankcard, cheque or money order to 
Silvertone Electronics. Send orders to 
Silvertone Electronics, PO Box 580, 
Riverwood, NSW 2210. Phone/fax (02) 
9533 3517. 


Silicon Chip Bookshop 


Understanding. 
Telephone 
Electronics 


Guide to 

Satellite TV* 

Installation, Reception & 
Repair. By Derek J. Stephen- 
son. First published 1991, 
reprinted 1997 (4th edition). 
This is a practical guide on the 
installation and servicing of 
satellite television equipment, 
including antenna installation 
and alignment. The cover-age of 
the subject is extensive, without 
excessive theory or mathemat- 
ics. 383 pages, in hard cover at 
$60.00. 


Understanding 
Telephone Electronics* 
By Stephen J. Bigelow. 
Third edition published 1997 by 
Butterworth-Heinemann. 
This is a very useful text for 
anyone wanting to become 
familiar with the basics of 
telephone technology. The 10 
Chapters explore telephone 
fundamentals, speech signal 


interfacing, tone and pulse 
generation, ringers, digital 
transmission techniques 
(modems & fax machines) and 
much more. Ideal for students. 
367 pages, in soft cover at 
$55.00. 


Guide to TV & Video 
Technology” 

By Eugene Trundle. First 
published 1988. Second 
edition 1996. 

Eugene Trundle has written for 
many years in Television 
Magazine and his latest book is 
right up date on TV and video 
technology. Ideal for students 
and technicians. 382 pages, in 
paperback, at $55.00. 


The Art of Linear 
Electronics” 

By John Linsley Hood. Pub- 
lished 1993. 

This is a practical handbook 
from one of the world's most 


pmpact Disc 
echnology 


many of his designs having been. 
published in English technical 
magazines over the years. A 
great many practical circuits are 
featured – a must for anyone 
interested in audio design. 336 
pages, in paperback at $80.00. 


Digital Audio & Compact 
Disc Technology* 

Produced by the Sony Service 
Centre (Europe). 3rd edition, 
published 1995. 

This is the best book on compact 
disc technology that we have. 
ever come across. It covers 
digital audio in depth, including 
PCM adapters, the Video8 PCM 
format and R-DAT. If you want to 
understand digital audio, you 
need this reference book. 305 
pages, in paperback at $90.00. 


Servicing Personal 
Computers * 

By Michael Tooley. First pub- 
lished 1985. 4th edition 1994. 


from a number of common 
causes & some that are not so 
common. This book sets out the 
principles & practice of compu- 
ter servicing (including disc 
drives, printers & monitors), 
describes some of the latest 
software diagnostic routines & 
includes program listings. 387 
pages in hard cover at $90.00. 


Radio Frequency 
Transistors* 

Principles & Practical Applica- 
tions. By Norm Dye & Helge 
Granberg. Published 1993. 
This book strips away the 
mysteries of RF circuit design. 
Written by two Motorola 
engineers, it looks at RF 
transistor fundamentals before 
moving on to specific design 
examples; eg, amplifiers, 
oscillators and pulsed power 
systems. Also included are 
chapters on filtering, impedance 
matching & CAD. 235 pages, in 
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Got an old PC power supply 
gathering dust? Want to use it to 
power your projects? We tell you 
what to do and how to do it. 


Use your old 
PC power supply for 
high current outputs 


S TIME GOES ON, more and 
A old computers are quiet- 
ly gathering dust or worse, 
being thrown on to the tip. Often these 
are perfectly good machines which still 
function as well as the day they were 
purchased. But if you don't want to use 
them as computers you can still use 
their power supplies. 
Computers have big power supplies 
in a small box. A typical older ma- 
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chine will have a 200W power supply 
capable of delivering +5V at 20A, +12V 
at 8A, -5V at 0.5A and -12V at 0.5A. 
You can use this power supply for all 
sorts of applications pretty well as it 
is, with no modifications required. 
And if you want, you can crank up the 
+12V output to get around +13V which 
is more appropriate if you want to 
power CB or amateur band equipment, 
audio equipment or bench test car 


projects. We'll talk more about this 
aspect later. 

First, let's talk about the PC supply 
as it stands. Typically it is contained 
in a small folded metal box with an 
inbuilt 12V fan and two IEC power 
sockets, one male and one female. 
The male socket is for the mains input 
while the female socket is for the 
switched output to the video monitor. 

This is a switched mode supply 


£ DANGER: HIGH VOLTAGE 


Fig.1: the general circuit arrangement inside most computer power supplies. The TL494 gives precise regulation of 
the main +5V rail and the other rails are unregulated. Note that all the circuitry on the primary side of the inverter 
transformer runs at around +340V and is also floating at around half the 240VAC. It is lethal if touched. 


and typically uses a TL494 switch- 
mode controller IG and a couple of 
transistors driving a transformer at 
around 40kHz or more to provide the 
four separate supply rails. Fig.1 shows 
the general arrangement. We must 
stress here that Fig.1 shows only the 
broad outline of the circuit and every 
one of these power supplies shows 
great differences in the detail of their 
circuits, 

By the way, if you do manage to 
obtain the circuit ofa computer power 
supply, you have rare treasure indeed. 
We have yet to see a full circuit and 
we understand that most serviceman 
do not have the benefit of circuits 
either. 

Back to Fig.1: the mains supply 
comes in via a filter network and is 
fed to a bridge rectifier to produce 
around 340V DC. Interestingly, the fil- 
ter capacitance is usually made up of 
two 200V capacitors connected in se- 
ties across the 340V and they typi- 
cally have a capacitance of around 
220-330uF. Each of these capacitors 
generally has a diode and resistor 
across it to ensure that they share the 
total voltage of 340V equally. 

The 340V DC is then fed to a 
switchmode circuit involving two 
transistors (or Mosfets) in a push-pull 
inverter transformer. By the way, con- 
sidering the amount of power in- 
volved, the transformeris ridiculously 


small. It looks fairly conventional in 
construction but instead of using steel 
laminations it has a ferrite core which 
enables it to run with switching speeds 
of 40kHz or more. This enables a very 
small transformer instead of the very 
bulky and heavy unit which would be 
required if the transformer was run- 
ning at 50Hz. 

The transformer provides the full 
isolation between the 340V DC sup- 
ply on the primary side and the low 


[сът тиз CPt] 
WARNING! 


The internal wiring of switch- 
mode computer power supplies is 
dangerous when powered up. Not 
only do you have bare 240VAC wir- 
ing to the IEC sockets but a good 
portion of the circuitry on the PC 
hoard is +340V DC floating at half 
the mains voltage. IT IS THERE- 
FORE POTENTIALLY LETHAL! 

Use extreme care if you do de- 
cide to make measurements on the 
supply when the case is open and 
DO NOT TOUCH ANY PART OF THE 
CIRCUIT when it is operating. Make 
sure that it is disconnected from 


the mains when you are making 
any modifications to the internal 
wiring. 


voltage supplies on the secondary side. 

Note that all the circuitry on the 
primary side of the transformer is at 
mains potential and must be regarded 
as lethal. 

On the output side, the transformer 
has at least four secondary windings, 
each centre-tapped. Each secondary 
feeds two high speed fast recovery 
diodes in a full-wave rectifier followed 
by a toroidal inductor and another 
filter capacitor. The diodes for the 
+5V and +12V rails are usually 
clamped to a finned heatsink. By the 
way, each pair of diodes are in a three- 
lead package which usually looks like 
a plastic power transistor. 


Block diagram 


Fig.2 is the block diagram of the 
TL494 switchmode controller used in 
most of these supplies. If yours does 
not use a TL494 you will probably 
find it has a Samsung KA7500B and 
guess what? It's identical in function 
and pin connections to the TL494. 

This chip provides precise voltage 
regulation for the +5V rail only and 
the other supply rails depend on the 
basic regulation of the transformer for 
their performance. Typically, if you 
connect a 5A load across the 45V rail 
it will drop by only a few millivolts 
whereas if you connect a 5A load 
across the «12V rail it will drop by 
0.5V or more. Even if you don't meas- 
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Fig.2: this is the schematic of the Texas Instruments TL494 and Samsung KA7500B switchmode 


controllers, used in the 


majority of PC computer power supp! 


ure the +12V rail when you load it up, 
you will still know that the voltage 
has dropped a bit because the fan will 
sound a little slower. 

By the way, when installed in a 
typical computer, the fan does double 
duty. Not only does it cool the switch- 
mode power supply components, it 
also cools the componentry inside the 
case of the computer. But its most 
important job is to cool the power 
supply itself and so it should not be 
disconnected, even if your proposed 
application means that the supply will 
be lightly loaded most of the time. 


Minimum load 


While the TL494 provides very good 
regulation for the 5V rail, the supply 
needs a minimum load. If you discon- 
nect all the supply leads from inside 
your computer and then turn it on, 
you will probably find that the power 
supply will not work at all and this is 
because it does not have a minimum 
load. How much load is required? Dif- 
ficult to say really, but we have found 
that you typically need at least 100mA. 
That means you need a minimum load 
consisting of a 470 1W resistor con- 
nected across the +5V output. 

(Having said that, as part of the 
preparation for this article. we pur- 
chased a brand new computer supply 
and found that it did not need any 
minimum loading to make it work.) 
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The other supply rails do not need 
any loading to make them work but 
you will generally improve their regu- 
lation if you do connect some mini- 
mum load across them. The +12V rail 
already has a load because of the 12V 
fan but you can improve the regula- 
tion by pulling another 100mA or so; 
use a 100Q 5W resistor. For the -12V 
and -5V rails, try a minimum load of 
around 10тА; use a 1kQ 0.25W resis- 
tor across the -12V and a 4700 0.25W 
resistor across the -5V rail. 


Regulation explained 

How does a minimum load make 
the supply regulation better? To ex- 
plain that we should first discuss what 
we mean by the term regulation. There 
are two types of regulation: load and 
line. Load regulation refers to how the 
output voltage varies between the “no- 
load” condition and “full load” and is 
usually referred to as a percentage. 

For example, in a typical computer 
power supply in which the +5V rail 
can supply up to 20A, the no-load 
voltage would typically be very close 
to +5V (eg, 5.02V) and might drop to 
4.88V at 20A. The difference in the 
two voltages is 140mV (5.02 - 4.88 — 
140mV) and when divided by the no- 
load voltage of 5.02V, the percentage 
becomes 2.8% which is pretty good. 

Since the other supply rails are not 
regulated (ie, directly controlled by 


the TL494), their regulation is not as 
good and will typically be around 6- 
10% at full load. 

Line regulation refers to the change 
in output voltage as the input voltage 
(ie, the mains supply) is varied. Com- 
puter switchmode supplies are really 
excellent in this respect since the 
nominal input supply range is typi- 
cally 115V to 230V. In practice, the 
mains voltage can be varied from less 
than 110V to more than 250VAC while 
the +5V rail stays rock steady. 

In this respect the switchmode 
power supplies in computers are 
vastly superior to any conventional 
linear regulated supply and they are a 
great deal more efficient, as well. 

To answer the question as to how a 
low level of loading can improve regu- 
lation, the main factor is the voltage 
drop across the diodes. When the sup- 
ply loading is zero or minimal, the 
voltage drop across the rectifier di- 
odes becomes quite low, possibly less 
than 0.5V. But when the supply is 
loaded up, the voltage drop across the 
diodes increases to as much as 1V and 
then stays more or less constant, re- 
gardless of increasing current. 

This minimises the diode voltage 
drop as a factor in the output regu- 
lation and the result is improved per- 
formance. 

Mind you, there is a trade-off and 
any increase in load leads to an in- 


crease in power supply ripple and 
hash. 


Lead colour coding 

This talk of regulation and mini- 
mum loading is all very well but how 
do you identify which output wire is 
which and how do you make the con- 
nections? When you look at one of 
these supplies you will find that there 
is a veritable festoon of wires coming 
out of it, all terminating in multiple 
four and six-way plugs of various sizes 
and configuration. So you don't just 
have one really heavy gauge wire com- 
ing out for the +5V output; there are 
multiple 5V wires. 

Happily there is a consensus on the 
colour coding and it is generally as 
follows: +5V red; +12V yellow; -12V 
blue; -5V white and common (0V) 
black. There may also be an orange 
lead which is the Power Good (PG) 
signal wire, 

Now if you want to use the supply 
to provide +12V at 8A, for example, 
you really need to connect all the 
yellow wires in parallel to your out- 
put. If you try to pull 8A from just one 
of the yellow wires, you will find that 
the output regulation is not as good as 
it could be and in an extreme case, 
you could end up melting the wire 
insulation; so connect 'em up in par- 
allel and the same comment goes for 
the black (0V) wires. 


Powering op amps 

Now while the thrust of this article 
has been about using the +12V rail to 
power equipment in a variety of situ- 
ations, these computer power supplies 
can also be used to power audio equip- 
ment which requires balanced «15V 
supplies, most of which employs op 
amps which are not critical as far as 
regulation is concerned. Therefore you 
can use the «12V and -12V rails to 
power equipment where 15V is nor- 
mally required. 

There is a proviso here and that is 
that the -12V rail usually can only 
supply up to 0.5A. Another factor 
which must be considered in all of 
this is that computer supplies have 
switching hash superimposed on their 
outputs and this could be a problem if 
you are using it to power sensitive 
audio equipment. On the other hand, 
if the equipment has onboard regula- 
tors, the problem is solved. Remem- 
ber that sound cards in computers do 
have sensitive low level analog cir- 


There's lots of lethal wiring inside every computer switchmode power supply. In 
particular note the bare wires to the IEC power sockets (240VAC) and all the 
circuitry above the transformer in this picture which sits at around 340V DC 
and at half mains potential. Do not touch any part of the circuit while it is 
operating. 


cuitry and they cope with the hash 
Situation pretty well. 

And what about the main +5V rail? 
What can you use that for? This ques- 
tion has us stumped. Perhaps some of 
our readers can make a few sugges- 
tions. Keep them clean please. 


Boosting the output 


So far we have discussed using a 
computer power supply just as it 
comes but a lot of 12V equipment for 
use in cars, particularly CB radios, 
amateur transceivers and audio equip- 
ment, performs considerably better if 
the supply is increased to around 
+13.6V DC. In fact, a lot of nominal 
12V equipment is performance-rated 
at 13.6V or 13.8V. Can the computer 
supply be tweaked to deliver this? 
The answer is maybe. Some supplies 
can be made to go that high and others 
wimp out before they get there. 

To make the supply deliver more 
than 12V you need to open up the 
case and here we must stress that this 
is dangerous territory indeed. Not 
only do you have bare 240VAC wir- 
ing to the IEC sockets but a good 
portion of the circuitry on the PC 
board is +340V DC floating at half the 


mains voltage. You have been warned. 
Once you open the case, you have a 
lethal supply. 

With the warning out of the way, 
how do you go about making the sup- 
ply deliver more than 12V? The an- 
swer is to tweak the feedback circuit 
to the TL494 which monitors the +5V 
rail. First, you must identify the feed- 
back resistor which connects to pin 1 
of the TL494 as this is almost always 
the op amp input used for this pur- 
pose. To make the identification, make 
sure that the power supply is discon- 
nected from the 240VAC mains. Then 
switch your multimeter to its lowest 
"ohms" range or the audible continu- 
ity test and find out which resistor 
adjacent to pin 1 is actually connected 
to pin 1. You must find the resistor 
pigtail which is a short circuit to pin 1. 

Now before you go any further, you 
might have struck it lucky and you 
may find that also close to pin 1 of the 
L494 is a small trimpot. Bingo! You 
can tweak that to increase the +12V 
supply. Remember here that you will 
actually be increasing the +5V rail 
and all the other DC rails will in- 
crease in the same proportion, If you 
want to get to +13.8У you will need to 
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If you are going to boost the output of the +12V rail, you need to identify the 


increase the 5V rail by 15% or to 
*5.75V. 

That is quite a big increase and in 
practice, some supplies cannot be 
pushed that far; they will get to around 
+5.5V and then audibly “squeal”, pos- 
sibly because of an overvoltage pro- 
tection circuit. If that happens, back 
off on the adjustment until it settles 
down. Even so, you should be able to 
get more than 13V on the «12V out- 
put. 


Making the adjustment 


Adjusting the trimpot while the sup- 
ply is powered and with the case open 
is a dangerous procedure because you 
will almost certainly find that the 
trimpot is right underneath the 
240VAC wires to the IEC sockets. You 
can do the adjustment but you will 
need an electrician's Phillips head 
screwdriver with a completely insu- 
lated shaft. We used an electrician's 
screwdriver with a label rating of 
1000V. Don't even think of using an 
ordinary screwdriver— we don't want 
to lose any readers! 

To make the adjustment, connect 
your minimum load to the +5V rail. 
We used a 12V 50W halogen lamp as 
it could easily be plugged into one of 
theoutput sockets. Connect your mul- 
timeter to measure the +5V rail or the 
12V rail. 

Make sure you have someone with 
you when you do the adjustment. If 
the worst comes to the worst, and you 
get an electric shock, you want some- 
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feedback resistor connected to pin 1 of the TL494 switchmode controller. It is 
shown arrowed here but you have to go through the exercise with your supply. 


one next to you to kill the power 
immediately. 

Position your electrician's screw- 
driver in the trimpot and have your 
companion switch on the power. Ro- 
tate the trimpot in the direction to 
increase the supply as desired. Note 
that the fan will become louder as the 
+12V rail increases. When satisfied 
that the adjustment is what you want, 
have your companion switch off the 
supply, unplug it from the mains and 
then replace the lid. 


Finding the feedback resistor 


Back to the continuity testing: if 
your power supply does not have a 
trimpot you still have to find the 5V 
feedback resistor. Having found the 
end that connects to pin 1 of the TL494, 
now check whether the other end con- 
nects to the +5V output. You can do 
this by connecting one of your meter 
prods to a red wire in one of the multi- 
way output plugs. Again, you should 
have a short circuit between the red 
+5V wire at one end and the +5V end 
of the feedback resistor. 

Once you have clearly identified 
the resistor in question, you can meas- 
ure its value. More often than not you 
will find that it is labelled 4.7kQ but 
will measure half that value. That 
means that another resistor is shunt- 
ing it somewhere in the circuit. Now 
it is unlikely that you will want to 
trace the circuit out but you don’t 
have to do it anyway. All you have to 
do is to increase the resistance of the 


identified feedback resistor. 

Unfortunately, to do this, you have 
to gain access to the underside of the 
PC board. Remove the four screws 
securing the board inside the case and 
then you can manoeuvre it to access 
the underside. Unsolder one end of 
the resistor and then solder a 560Q 
resistor in series with it. That done, 
replace the PC board and the four 
screws. Be warned: don't take a short- 
cut and just sit the board back where 
it was without fitting the screws. If 
you do that, there is the danger of a 
short circuit underneath when you 
turn it back on and the whole power 
supply could be destroyed. 

When you turn the supply on, meas- 
ure the 45V and «12V rails and note 
the increase. If the +12V rail is now 
over «13V, you probably have gone far 
enough. If not, note the increase in 
voltage and then calculate the required 
additional series feedback resistor to 
get the increase you want. 


Current rating 


There are a couple of other points 
we need to make concerning this 
boosting of the 12V rail. While you 
can increase the voltage, you cannot 
increase the overall power output. Any 
increase in voltage must result in a 
proportional decrease in current. So 
if your supply is rated +12V at 8A and 
you increase it to +13.6V, the overall 
current will be reduced to around 7A. 

Remember also that none of the DC 
outputs has any short circuit protec- 
tion so if you overload the supply, you 
are liable to damage it. For that reason 
you cannot use the supply for battery 
charging unless you put in a suitable 
current limiting resistor. 


On/off switch 


If you want to remove the power 
supply from the computer case, you 
will no doubt want to change the on/ 
off switch which is normally on the 
computer's front panel. Very old com- 
puters had their power switch on the 
back of the supply. 

An easy way of installing a power 
switch would be to remove the IEC 
female socket and install a large illu- 
minated rocker switch instead. Most 
of these switches snap into a standard 
cutout and a little work with a file ora 
chassis nibbler will do the trick. How- 
ever, make sure that there are no metal 
particles floating around inside the 
case when you have finished. 8С 
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Advanced 
Technology 
Vehicles 


Joining GM's EV1 
electric car is a range 
of other vehicles 
developed from the 
same basic platform. 
These new vehicles 
could well indicate 
your motoring future 
but which one will 
win out? 
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WYARLIER THIS YEAR, General 
Motors in the United States in- 
Atroduced a series of new proto- 
type cars based on the EV1 — the 
worl st commercially available 
purpose-designed electric passenger 
car. The new vehicles include three 
hybrid-powered cars and a vehicle 
fuelled by compressed natural gas 
(CNG). 

In greater detail, the three new hy- 
brid powered cars include a parallel 
hybrid electric, a series hybrid elec- 
tric and a fuel cell electric. These ve- 
hicles were developed to overcome 
one of the main limitations of pure 


battery electric vehicles — poor range. 
We'll take a look at each of the new 
vehicles in turn, starting with the par- 
allel hybrid electric car — see photo. 


Parallel Hybrid Electric 


In addition to a battery pack, the 
Parallel Hybrid Electric car also uses 
a diesel engine which, as the name 
sug , can be used in parallel with 
the electric motor. The vehicle weighs 
1450kg and is based on a standard 
EV1. with the aluminium space-frame, 
front suspension and AC induction 
motor propulsion system generally 
unmodified. However, the car's wheel- 


base has been increased by 48.3cm to 
provide greater interior space and a 
longer central tunnel for storage. 

Instead of the T-shaped battery pack 
used in the EV1, the Parallel Hybrid 
uses 44 nickel metal hydride (NiMH) 
batteries wired in series and mounted 
in-line down the centre of the car. 
This gives room for the second pro- 
pulsion system, which is mounted at 
the rear of the vehicle. 

At the back of the car sits an Isuzu 
3-cylinder 1.3-litre turbocharged die- 
sel engine. This develops 56kW and 
drives the rear wheels through a 5- 
speed manual transaxle. The diesel 
engine uses direct injection and fea- 
tures double overhead camshafts. The 
transaxle, developed by Opel, uses 
electronically controlled servos to pro- 
vide fully automatic gear selection and 
clutch engagement. 

In addition to powering the rear 
wheels, the diesel engine also drives а 
4.9kW permanent magnet DC brush- 
less motor/generator unit. This mo- 
tor/generator serves four purposes: it 
is used as a starter motor for the diesel 
engine; it provides regenerative brak- 
ing through the rear wheels; itis pow- 
ered by the battery pack to provide 
supplementary power for maximum 
acceleration; and it acts as an alterna- 
tor to recharge the battery pack. It just 


Diesel Engine 


Power Electronics Bay 
MTA with Motor/Generator 


Parallel Hybrid Electric Vehicle 


ABOVE & BELOW: the Parallel Hybrid Electric vehicle uses a 3. 
1.3-litre turbocharged diesel engine plus a battery pack consist 
Nickel Metal Hydride (NiMH) batteries. When full power is req 
163kW can be mustered by simultaneous use of the diesel engine, a front- 
mounted electric motor and a rear motor/generator unit. 


cylinder 
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ABOVE & BELOW: the Fuel Cell Electric vehicle uses a battery of fuel cells 

supplied with hydrogen and oxygen, as well as a battery pack. The 1377kg doesn't do all of these things at once! 
vehicle has a range of 480km, can accelerate to 100km/h in about 9 seconds 
and has a petrol-equivalent economy of about 3 litres/100km. 


In the standard hybrid mode, the 
car moves off from a stop using the 
electric motor to drive the front 
wheels. If battery charge falls below a 
nominal 80%, the diesel engine starts, 
recharging the battery pack. In slip- 
pery conditions, the power sources at 
each end of the car can provide 4- 
wheel drive — leading GM to state that 
the Parallel Hybrid Electric is the 
world’s first environmentally con- 
scious all-wheel-drive performance 
car! 

When full power is required, a not- 
inconsiderable 163kW can be mus- 
tered by the simultaneous use of the 
diesel engine, the front-mounted elec- 
tric motor and the rear motor/genera- 
tor unit. When driven flat out, the 
vehicle can accelerate to 100km/h in 
around 7 seconds. This represents 
outstanding performance! 

The range of the car in full hybrid 
mode is quoted as 880km, while in 
"Zero Emission Vehicle" mode (ie, 
with the diesel engine not running) 
the car can travel 50km. Its fuel 
about 3 litres/100km. 


Expander/Compressor 


Drive Unit 
Geni 


Fuel Processor 


Power Electronics Bay econom: 


сепи 
Series Hybrid Electric 
In many ways the Series Hybrid 


Battery Pack 


Fuel Cell Electric Vehicle 
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Battery Pack 


Power Electronics Bay 


Series Hybrid Electric Vehicle 


Electric vehicle is very similar to the 
car discussed above. However, instead 
of a diesel engine, this car has a gas- 
turbine engine tucked in the tail! 

The gas turbine engine drives an 
electric generator and this works with 
an NiMH battery pack to provide the 
motive power. The turbine is the prod- 
uct of a three-year collaboration be- 
tween GM and Williams International, 
an aerospace turbine engine manufac- 
turer based in Michigan. Dubbed the 
"Auxiliary Power Unit" (APU), the 
device consists of a single stage, sin- 
gle shaft, recuperated gas-turbine en- 
gine coupled to a high-speed perma- 
nent magnet AC generator. 

The cylinder-shaped APU has a 
mass of 100kg and is 50cm in dia- 
meterand 55cm long, Running at shaft 
speeds of between 100,000rpm and 
140,000 rpm, it can develop up to 
40kW of electrical power. This is suf- 
ficient to power the car's electric drive 
system and accessories, and/or charge 
its batteries while travelling at speeds 
of up to 130km/h. The turbine is 
fuelled with “reformulated” petrol. 

In daily hybrid-mode use, the APU 
automatically starts charging the bat- 
tery whenever its charge drops below 
40%. If the vehicle were to be driven 


solely on a fully recharged battery 
pack, the APU would start after about 
40km. 

The series nature of the propulsion 
system allows the driver to select from 
either a 560km range of hybrid travel 
or up to 65km of electric-only travel. 
Flicking a single switch makes this 
choice. The 1340kg car has a maxi- 
mum power of 102kW and can accel- 
erate to 100km/h in around 9 seconds. 
Из fuel economy is about 4 litres/ 
100km. 


Fuel Cell Electric 


The Fuel Cell vehicle uses one de- 
vice to drive the front wheels and 
multiple sources of power for that 
device. 

The driving device is the 102kW, 3- 
phase, AC induction motor from the 
EV1. It drives through a single-speed, 
dual-reduction gear-set with a ratio of 
10.946:1. The battery pack consists of 
44 NiMH battery modules connected 
in series and mounted in-line down 
the centre of the car. This pack can be 
recharged from the domestic supply 
to augment the power provided by the 
fuel colls. It is also used during regen- 
erative braking. 

As in a conventional battery, a fuel 
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The Compressed Natural Gas (CNG) vehicle does not use any form of electric 


propulsion. Instead, a modified 3- 
port injection and a turbocharger 


linder Suzuki engine fitted with sequential 
used to provide the motive power. The 
vehicle's range on full tanks of CNG is about 650km. 


Fuel Tank 


CNG Engine 


CVT Transmission 


Compressed Natural Gas Vehicle 


cell utilises chemical reactions at its 
electrodes to convert energy from 
chemical to electrical form. Unlike a 
battery however, a fuel cell stores the 
Teactants separately from the elec- 
trodes, feeding them instead to the 
cell as “fuel” for the reaction. 

In simple terms, a fuel cell consists 
of two electrodes separated by amem- 
brane that conducts hydrogen ions 
but not electrons. Electrical power is 
generated by the reaction to hydrogen 
at one electrode to form hydrogen ions. 
The hydrogen ions migrate through 
the membrane and combine with oxy- 
gen at the other electrode to form wa- 
ter. 
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When hydrogen and oxygen are fed 
into the cell, an open-circuit voltage 
of about 1 volt (1V) is created between 
the electrodes. As power is drawn 
from the cell, the voltage drops 
slightly. To minimise this voltage drop, 
the electrodes are coated with minute 
quantities of platinum. The fuel cell 
stack consists of many individual cells 
sandwiched together and wired in se- 
Ties. 

In this case, the GM car uses a multi- 
stage fuel processor to generate a hy- 
drogen-rich mixture from methanol. 
Methanol was chosen because it is an 
ideal source of the hydrogen needed 
and it has fewer impurities than pet- 


rol or other hydrocarbon fuels. 

An expander/compressor, located 
at the rear of the car, improves the 
efficiency of the vehicle by capturing 
energy that would otherwise be lost 
in the stream of exhaust gases from 
the fuel cells. The remaining hydro- 
carbons are burnt and the hot gas 
passed through an expander. The ex- 
pander produces mechanical energy 
which is then used (together with an 
electric motor) to drive a compressor 
that supplies compressed air to the 
fuel cells. 

The 1377kg Fuel Cell Electric vehi- 
cle has a range of 480km, can acceler- 
ate to 100km/h in about 9 seconds 
and has the petrol-equivalent economy 
of about 3 litres/100 km. 


Compressed Natural Gas 


The CNG EV1 does not use any 
form of electric propulsion. Instead, a 
completely new powertrain is fitted, 
with compressed natural gas used as 
the fuel. 

The motive power consists of a 1- 
litre, 3-cylinder, sequential port in- 
jected, turbocharged engine develop- 
ing 54kW at 5500 rpm. Modified from 
an existing Suzuki engine, the design 
uses an all-alloy construction, single 
overhead camshaft and two valves per 
cylinder. 

The engine drives the front wheels 
through a Continuously Variable 
Transmission (CVT), which uses a 
steel belt and two V-shaped pulleys. 
This gives stepless power delivery and 
excellent fuel efficienc| 

The fuel supply system uses two 
CNG tanks with a total useable capac- 
ity of about 38 litres. One tank is posi- 
tioned longitudinally in the central 
tunnel, while the other is positioned 
laterally behind the rear seats, The 
tanks and their internal plumbing are 
designed for a maximum operating 
pressure of 3000 psi, with a single 
stage regulator lowering the pressure 
to 75 psi before injection occurs. As a 
safety measure, the system uses in- 
tank solenoids which are interlocked 
with the ignition system. These sole- 
noids shut off the fuel during refilling 
and when the engine is not operating. 

A special commercial station can 
refuel the CNG EV1 in 3.5 minutes, 
while a domestic compressor allows 
overnight fuelling. The CNG car has a 
range of 650km, a petrol equivalent 
economy of 4 litres/100km and a 0- 
100km/h time of 11 seconds. sc 
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Buying a PC isn’t always hassle-free 


There’s lots of room for misunderstandings 
in the computer industry. Often, it’s the 

customer’s lack of expertise that causes the 
problems but sometimes it’s the dealer who 


is at fault. 


If anyone asks me for advice on 
buying a PC, I always tell them to 
choose the retailer carefully. Why? — 
because my own experiences with PCs 
from several retailers haven't been all 
that good. 

Admittedly, some of the problems 
are fairly trivial and easily fixed if you 
have any technical ability. But why 
should you have to fix problems on a 
computer that's fresh out of the box? 
And if you don't have any technical 
ability, taking the machine back un- 
der warranty can be downright incon- 
venient. 


Falling into the trivial (but incon- 
venient) category is the recent experi- 
ence ofa near neighbour. He was keen 
to buy a new PC and, having done his 
homework, ordered a Pentium II 
333MHz machine with 32MB of RAM, 
a 17-inch monitor and Windows 98. 

Unfortunately, things didn't go ex- 
actly according to plan. Oh, he got the 
machine OK within a few days of 
ordering it but when I asked him a 
week later if he was happy with his 
new toy, I was told that it didn't work. 
Pressed further, he explained that 
when ever he attempted to boot the 


If you have two IDE drives on the same port, one must be configured as a master 
and the other as a slave (unless you are using cable select). This is done using 
jumpers which are usually located at one end of the drive. A label on the top of 
the drive or near the jumpers shows the various options. 
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machine, it would come up with a 
dialog box which stated that the mouse 
couldn'tbe found. The machine would 
then hang and refuse to complete the 
boot sequence. 

But that wasn't the end of the story. 
Apparently, he had ordered a Micro- 
soft Intellimouse with the machine 
but the vendor didn't have one in 
stock and had substituted a Logitech 
mouse instead. And when he had rung 
to complain that the computer 
couldn't "find" the mouse, he was 
told that a Microsoft mouse driver 
had probably been installed and that 
this was causing the problems. All he 
had to do was install the correct 
Logitech mouse driver and all would 
be OK. 

Unfortunately, he didn't know how 
to go about this, particularly as the 
machine wouldn't boot up in the first 
place. As far as he was concerned, he 
would have to make a special trip 
back to the vendor to get the situation 
resolved. 

І must confess that I was rather 
puzzled by the symptoms. Simply 
changing the mouse shouldn't bother 
the operating system. Normally, ifnew 
hardware is connected, Windows 98 
detects it during boot-up and prompts 
you to insert the Windows 98 CD- 
ROM (or a disc supplied with the 
device) so that the appropriate driver 
can be installed. After that, it should 
complete the boot sequence. 

Curious about the symptoms, I vol- 
unteered to have a look at the ma- 
chine for him. Maybe we could get it 
working with my Microsoft mouse and 
sort things out from there. 

As it turned out, the problem was 
fairly straightforward. After follow- 
ing a couple of false trails, I eventu- 
ally discovered that the keyboard 
wasn't working either. Further inspec- 


tion revealed that both the mouse and 
the keyboard were fitted with PS/2 
connectors but the sockets they were 
plugged into were unlabelled. A quick 
check in the motherboard manual re- 
vealed that my neighbour had trans- 
posed the connections, plugging the 
mouse into the keyboard port and vice 
versa. 3 

Swapping the connections over 
solved all our problems, the machine 
now booting normally into Windows 
98. 

So the dealer hadn’t really done 
anything wrong and the substituted 
mouse had only served to confuse the 
issue. But how was my neighbour sup- 
posed to know which PS/2 port was 
which? Clearly, a couple of 5-cent 
labels would have saved him a great 
deal of time and frustration. 


The NT machine 


My next story concerns a machine 
that was bought by a friend from a 
local retailer for use in a small busi- 
ness that he owns. This was quite a 
well-specified machine that came with 
Windows NT Workstation, a 300MHz 
Pentium II processor and 128MB of 
RAM. And there were lots of other 
goodies as well, including a 6.4GB 
IDE hard disc drive, a 32-speed CD- 
ROM, an internal IDE ZIP drive, a 
Matrox Millennium II video card, a 
network card, an internal 56K modem 
and a 17-inch monitor. 

The new machine was bought to 
play a central role in his office net- 
work but there was just one problem — 
itdidn't work properly. In fact, it came 
with a number of faults, as follows: (1) 
the hard drive indicator LED was per- 
manently lit; (2) the machine often 
hungatthe Windows NT splash screen 
during boot up; (3) it was very slow to 
log on to other computers on the net- 
work and often missed some connec- 
tions altogether; and (4) the modem 
didn't work. 

Unfortunately, he didn't have time 
to take it back to the retailer to sort the 
problems out. He really needed to have 
the machine up and running that 
weekend for an important project that 
they were working on, which was how 
I got involved. 

To begin, I decided to find out why 
the hard drive indicator LED was stay- 
ing on, even when there was no drive 
activity. This turned out to be straight- 
forward — the hard disc drive and the 
CD-ROM drive shared the primary IDE 


port but they were not cor- 
rectly configured as master 
and slave. Instead, the hard 
disc drive was configured 
as a “single drive, no slave 
present”, while the CD-ROM 
jumper was in the “master” 
position. 

To make matters worse, 
the ZIP drive was onits own 
on the secondary IDE port 
but was configured as a 
slave. Who ever set this ma- 
chine up obviously didn’t 
have a clue about correctly 
configuring IDE drives in 
master/slave relationships. 

To overcome the problem, 
the hard drive was left on 
the primary IDE port and 
the CD-ROM moved to the 
secondary IDE port, along 
with the ZIP drive. The 
jumper on the back of the 
ZIP drive was then set to the 
“master” position, while the 
CD-ROM was configured as 
the slave. After that, the in- 
dicator LED only lit when 
there was drive activity. 

Of course, we could have left the 
CD-ROM on the primary IDE port had 
we wished. The hard drive would then 
have been configured as the master 
and the CD-ROM drive as the slave. 
However, it's best not to do this as 
havingthe CD-ROM drive on the same 
port as the hard disc drive can some- 
times slow things down. 

Problem number 2 — hanging at the 
Windows splash screen during boot- 
up — was tackled next. We figured that 
this could be a video driver problem, 
so we logged onto the Matrox web 
site, downloaded the latest driver for 
the Matrox Millennium П card and 
installed it as per the instructions. 
And that was it — the machine now 
booted into Windows NT every time, 
although it was still very slow to log 
onto the network. 

The network problem was the next 
in line. The symptoms here were 
rather puzzling — why did it recognise 
some network connections on some 
occasions but not on others? And why 
was it always so slow to log onto the 
network? 

When the software settings all 
checked out, we tried reinstalling the 
driver for the network card but this 
made no difference. In the end, we 
decided to remove the network card 


8-97 NetBEUI Protocol 
TCPAP Protocol 


© MD [4] Remote Access WAN Wrapper 


: if you don't have NT Server and are using 
NetBEUI for your local area networking 
protocol, disable the TCP/IP bindings for the 
network card. If you don't, you will get an error 
message each time you boot up (ie, “The DHCP 
client could not obtain an IP address”). 


for a closer inspection but it proved 
surprisingly difficult to remove from 
its slot on the motherboard. In fact, it 
was jammed in so tightly that it took a 
fair amount of force to free it. 

The reason for this wasn’t hard to 
find. The backplane blanks on this 
machine are normally secured by 
small metal “bridges” at either end 
and are removed by “knocking” them 
out. Unfortunately, this had badly dis- 
torted the backplane metalwork so that 
it pushed hard against the backplane 
bracket when the network card was 
inserted. 

When the metalwork was straight- 
ened, we found that the network card 
now slid easily into its slot on the 
motherboard. What's more, the ma- 
chine now quickly found all the net- 
work connections and logged on in 
the normal manner. Apparently, the 
network card had been forced so far 
sideways that it was only making in- 
termittent contact with some of the 
slot contacts. 5 

How the ham-fisted clots ever got 
the network card into its slot in the 
first place without breaking anything, 
Tll never know. Anyway, that was 
problem number three out of the way. 

Just one further point here. If you 
aren’t using NT Server and are using 
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This 120MHz Pentium processor caused all sorts of problems in a machine that 
had been upgraded from Windows 3.11 to Windows 95. There was nothing 

really wrong with the processor though; it just didn't like being overclocked at 
133MHz. 


NetBEUI as your local area network- 
ing protocol, be sure to disable the 
TCP/IP bindings for the network card, 
otherwise you'll get an error message 
each time you boot — see Fig.1. 

Problem number four was the non- 
functioning modem. The problem here 
was that this was configured as a Plug 
and Play (PnP) device but Windows 
NT4 is not really a PnP operating sys- 
tem (unless you install the PNP driv- 
ers). We changed the jumpers to turn 
the PnP feature off, then checked that 
the other jumpers set the modem to 
COM2 IRQ3 (as set out in the manual). 

This done, we reinstalled the mo- 
dem and disabled the external COM2 
port in the system BIOS (note: if you 
don't do this, you can get conflicts 
with an internal modem card that's 
set to COM2, even if there's nothing 
connected to the external port). Fi- 
nally, we installed the modem driver 
software as instructed in the manual, 
after which the modem worked per- 
fectly. 

After that, it was mainly a matter of 
tidying things up. For starters, the 
internal cabling to the disc drives was 
quite messy and I spent some time 
rerouting the cables to tidy things up 
and to eliminate any strain on the 
connectors. I also noticed that the ven- 
dor had only installed Service Pack 1 
for the NT Workstation operating sys- 
tem, despite the fact that Service Pack 
3 has been out for ages. 

We installed Service Pack 3 with- 
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out any problems, the only glitch be- 
ing that this wipes out the ZIP drive 
installation. That problem was over- 
come by reinstalling the drivers for 
the ZIP drive, following the step-by- 
step procedure listed in the manual. 
We then finished off by changing the 
screen resolution from the vendor's 
640 x 480 setup to 1152 x 864. This is 
something the vendor should have 
done as a matter of course, given the 
hardware involved (8MB Matrox Mil- 
lennium II graphics card and 17-inch 
monitor). 

All in all, the whole exercise in- 
volved several hours of work that 
should not have been necessary. The 
problems that this machine had were 
all too obvious. Either the vendor neg- 
lected to test the machine properly or 
ifthey did, they lacked sufficient tech- 
nical expertise to recognise the prob- 
lems and fix them. Or maybe the per- 
son who set it up just didn’t care. 

In the end though, it’s the retailer 
who will lose out. Guess where my 
friend won't be buying his next com- 
puter! 


The overclocked Pentium 

My last story concerns a Pentium 
133MHz machine that was purchased 
several years ago, again by a friend 
who runs a small business. It came 
complete with 32MB of RAM, a sound 
card. a network card, a CD-ROM drive, 
Windows 3.11 — and the Sepultura 
virus! Fortunately, the virus was dis- 


covered immediately and cleaned off 
before it had done any harm. 

The machine worked fine under 
Windows 3.11 but all sorts of prob- 
lems arose when the operating system. 
was eventually upgraded to Windows 
95. System crashes were a common 
problem and the machine also often 
refused to close down properly. On 
other occasions, it would even refuse 
to boot correctly. 

Eventually, the machine landed on 
lesk and many hours were wasted 
trying to solve the problem. Initially, 
we suspected a software problem so 
we stripped the machine down to its 
bare essentials and removed all un- 
necessary drivers. When this didn't 
help, we tried upgrading the video 
driver but again drew a blank. 

Next, we backed up the data, re- 
formatted the drive and reinstalled 
the operating system. That didn't help 
either but one thing was becoming 
apparent — instability problems only 
arose after the machine had been run- 
ning for some time with the lid on. 

Based on this observation, we de- 
cided that the fault must be heat sen- 
sitive. We tried swapping the RAM 
and the video card over from an iden- 
tical machine without result and then 
noticed that the processor in the crook 
machine ran much hotter than the 
processor in its twin. 

The full story was revealed when 
we removed the processor from its 
ZIF socket and inspected the mark- 
ings on the underside. It wasn't a 
133MHz CPU as ordered but a 120MHz 
CPU that was being overclocked! We 
changed the bus speed from 66MHz to 
60MHz (so that the processor now ran 
at 120MHz instead of 133MHz) and 
that solved all our problems. 

Understandably, my friend was fu- 
rious but his subsequent complaint to 
the retailer about the processor mix 
up was badly handled. There was no 
apology nor any offer of compensa- 
tion, although they did eventually 
agree to exchange the CPU. But it was 
all too little too late. In fact, my friend 
was so annoyed at what had happened 
and by their attitude that he seriously 
considered taking legal action to re- 
cover his costs 

In the end, he simply decided to get 
even. His company has purchased sev- 
eral new machines over the last few 
years and will buy lots more in the 
future. Guess who doesn’t get the or- 
ders? sc 
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FM antenna 


problems 


Imade two 5-element FM antennas 
as described in the March 1998 issue 
and I have several questions concern- 
ing them. I have a fairly old JVC port- 
able stereo system. It has a 4-band 
tuner, AM/FM, etc. It has twin tele- 
scopic aerials as most do and also has 
two antenna connections at the back 
for FM. I connected one of the anten- 
nas I made to it with 75Q ribbon. The 
connection is for 750, This gave no 
great improvement although the an- 
tenna is pointed in the right direction. 
in respect to the signal. 

Secondly, my bedside clock radio 
isa Sony IC5-SW7600 all world band 
AM/FM. I wanted to improve the FM 
reception so I made a second antenna, 
mounting it atop a 3-metre pole on the 
roof. Again I only used ribbon, care- 
fully strung away from the corrugated 
iron roof. The radio has a mini 300- 
75Q plug on the side. If anything it 
tends to dull the signal. 

For shortwave reception I also 
strung up a long wire between a pole 
mounted on the facia to a tree in the 
back yard. It works great! In fact I 


Extending 
transmitter range 


I have a wireless door chime 
which I have given to an aunt who 
is bedridden. She can use it to sum- 
mon whoever is in the house for 
help. While it works well when 
whoever is wearing the receiver is 
inside the house, it does not work 
if we happen to be outside in the 
garden, 

Is there anything I can do to 
modify the transmitter or receiver 
to increase the range? I would pre- 
fer not to make any major modifica- 
tions because I want everything to 
fit inside the existing cases. 

Can you help? (K. A., Warrie- 
wood, NSW). 


think it tends to override the purpose 
of the FM antenna. Have I got too 
many antennas?! With this long range 
antenna I can pick up WWVH Maui in 
Hawaii quite clearly. 

Can you tell me what happens when 

you divide up this long range antenna 
and connect it to the both radios at 
once? A local electronics guy says the 
only way to have good FM is to use a 
car radio as he says they have amuch 
better circuit and are a more powerful 
receiver. Is this so? (A. B., Proserpine, 
Qld). 
* If your portable combo has two FM 
connections, the likelihood is that they 
are intended for 3000 ribbon cable 
rather than 75Q coax cable. There is 
no such thing as 75Q ribbon. If you 
have hooked up 750 coax to the 5- 
element antenna you should use a 
3000 to 750 balun connection other- 
wise there will be mismatch prob- 
lems. 

In your location, the shortwave an- 
tenna may pick up more signal than 
the FM antenna but that may be a 
function of the antenna connections 
on your receiver. Good car radios gen- 
erally do have a very sensitive FM 
front end but it would not be superior 


* In our experience, it is an easy 
matterto modify these wireless door 
chimes to increase the range. Typi- 
cally they operate at about 300MHz. 
All you have to do is to put a bigger 
antenna on the receiver and this is 
simply a matter of connecting a 
piece of insulated hookup wire to 
the receiver's input. A piece about 
40-50cm long should do the trick 
although you may have to experi- 
ment to determine the optimum 
length. 

First, unclip the receiver case and 
identify the input of the receiver. 
This will usually have a small coil 
as the antenna and often this will 
be part of the copper pattern of the 
board. Now unclip the battery and 
then solder a length of the insu- 


to those on good quality hifi FM stereo 
tuners. The antenna connection to a 
car radio should be made via 750 
coax cable. 


Queries on the 
class-A amplifier 


I intend building the Opus One 
speakers described in the August 1998 
issue. Would there be any advantage 
in replacing the 10uF bipolars with 
poly types which I have in my junk 
box, assuming there's room on the 
boards? 

Iam also interested in the class-A 
amplifier described in the July & Aug- 
ust 1998 issues. I assume this will 
become a kit with case and power 
supply; at the moment it's only sold 
as a power amplifier module. Would- 
n't it be better to leave out the head- 
phone socket and volume control in 
order to get even better performance? 

Regarding the power transformer, 
there doesn't seem to be a 21V trans- 
former, with the usual catalogs going 
from 18V to 25V. Would a 25V trans- 
former be OK? As the supply is regu- 
lated, I can't see any reason why the 
few extra volts would be a problem as 


lated hookup wire to the input. Fi- 
nally, clip the battery back in place 
and verify that the door chime still 
works when you press the button 
on the transmitter. 

If it works, then arrange for the 
antenna wire to dangle outside the 
case (you may need to drill or cut a 
small exit hole for the wire). Check 
the working range. It should be pos- 
sible to obtain a range of about 100 
metres or more. 

On the other hand, if the door 
chime does not work with the wire 
extension, restore everything as it 
was and make it work again. Then 
check that you made the connec- 
tion to the right place. You may 
also need to use a shorter length of 
wire. 
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PCB POWER 
TRANSFORMERS 


ТУА to 25УА 


Manufactured іп Australia 
Harbuch Electronics Pty Ltd 
9/40 Leighton Pl. HORNSBY 2077 
Ph (02) 9476-5854 Fx (02) 9476-3231 


Iassume the mains supply could vary 
by more than this and it means no 
mucking about with mods to the trans- 
former. 

If I do have to use the 18V trans- 

former could you give a bit more de- 
tail on how to add the extra turns as 
I'm not quite clear from the article 
how this is done? (P. G., Orient Point, 
NSW). 
* Plastic dielectric capacitors are su- 
perior to bipolar electrolytic capaci- 
tors and it is worth replacing them in 
any loudspeaker crossover network. 

The class A amplifier and its power 
supply are now available as a kit from 
Altronics of Perth. There is no need to 
include the headphone socket but the 
volume control is worth keeping. This 
amplifier is so good that it will sound 
better being driven directly by a CD 
player than with virtually any other 
control unit driving it and that in- 


cludes any previous SILICON CHIP de- 
signs. 

A 25V-0-25V transformer will pro- 
duce far too much voltage for the regu- 
lator circuitry and will cause it to 
severely overheat. It is a relatively 
straightforward matter to add the re- 
quired extra turns over the existing 
winding, as described on page 79 of 
the August 1998 issue. The main dif- 
ficulty is that the 1.25mm enamelled 
wire is rather stiff and unwieldy. 


SLA/NiCd battery for 
photoflash 


learn my living as a freelance jour- 
nalist/photographer and have the lat- 
est you-beaut Nikon camera setup with 
flash. The only trouble is that I often 
need to use the flash at full output to 
get the maximum depth of field. I find 
that this means that the four alkaline 
AA cells can be noticeably discharged 
before I finish a roll of film. The in- 
built charge indicator on the cells 
(Duracell) still says that the batteries 
are up to the job but the flash takes too 
long to recharge, which can be a prob- 
lem when you are “bracketting” the 
shots. 

Ihave thought of using an external 
battery pack of course but the one to 
suit my flash costs more than a thou- 
sand dollars. My next thought was to 
use NiCd cells but they would need 
recharging often while I am on the 
job. I wonder if I could then have a 
setup whereby I connected a 6V SLA 
battery in parallel with the 4 AA NiCd 
cells to rapidly recharge them. That 
way I wouldn't be loaded down with 
an external battery pack all the time. 
What do you think? (J. D. Para Hills, 
SA). 

ө Ifyou connect а fully charged SLA 


141^" METAL CUTTING 


"LATHE 


i (6" with riser blocks) 


Ё use. Over 
[| 25,000 sold 
worldwide. 
Made in USA 
E 2 year warranty 
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TAIG MACHINERY 
59 Gilmore Crescent. Garran. ACT. 2605. 
Ph: 015 26 9742 (Business); (02) 6281 5660 (AH); Fax: (02) 6285 2763 


$429... a iane win B 


drilling tailstock, pulleys and | 
Бей, 3 jaw chuck, Jacobs 

chuck etc. You supply the @ 
motor — an old appliance 
motor will do! 


4 jaw chuck, faceplate, 
collets, milling attachment, 

and many more. 
Write or phone for photo 
brochure and price lists. 


battery in parallel with four NiCd cells, 
you will end up with an explosion — 
that's what we think! It would blow 
your precious photoflash to smither- 
eens. 

If you can't afford to buy the proper 
external battery pack, we suggest you 
take a look at the article on making 
your own in the October 1998 issue. 


Remote control 
interference 


Some six months ago, I noticed that 
my Sanyo CPP2621SV-00 colour tele- 
vision infrared remote control was 
becoming sluggish when you pushed 
a button to change channels, volume, 
etc. The LED near the channel indica- 
tor on the front of the set would illu- 
minate but no channel or volume 
change would occur. Within 3-10 sec- 
onds with the relevant remote button 
held down, the desired change would 
occur. 

Eventually my wife said do some- 
thing to fix it or I'm getting someone 
to look at it! These were fighting words 
to stir the blood! One Saturday after- 
noon I decided to remove the remote 
control preamp (UG0007) from the set 
for investigation of dry solder joints 
and component and voltage checks. 
All component and voltage checks 
were OK but as it contained some 
seven electrolytics and polyester ca- 
pacitors and as I thought one of them 
might be leaky, they were changed. 
Upon start up, the set worked nor- 
mally and I was back in the good 
books with my wife. 

Later that night it was back to square 
one. Must be heat sensitive said I. I'll 
look into it tomorrow. On Sunday at 
about 4 o'clock I came home to watch 
the last hour of a motor racing pro- 
gram and stood up in the middle of 
the room and activated the remote. 
The set turned on but was on the 
wrong channel and the volume was 
down. I pushed the relevant buttons 
and everything worked normally. I 
then sat down and continued to ad- 
just the volume and it would not re- 
spond — back to square one again! 

I then stood up again in the same 
position as when I first walked into 
the room and all the functions on the 
remote worked perfectly. I stood and 
looked back to a light on the wall 
behind me and the light came on — in 
my head that is! I have been reading 
the series on lighting in SILICON CHIP 


Sports ignition coils 
not recommended 
Ihave built several of the High 
Energy Ignition systems as de- 
scribed in the May and June 1988 
issues of SILICON CHIP for mates of 
mine and they have all been 
pleased with them. Now Lam about 
to build the latest version of the 
circuit, as published in June 1998 
for another friend of mine but he 
wants to use it with a “sports” coil. 
Is there any advantage in doing 
this or could there be any prob- 
lems? (B. R., Para Hills, SA). 
* This question has arisen on a 
number of occasions in the past 
with the early versions of the cir- 
cuit and the answer has been that 
we strongly advise against using a 
"sports coil" with the high energy 
ignition. The reason is that sports 
coils draw substantially higher 
current to obtain their higher out- 
put voltage but when combined 
with our HEI circuit they draw 


and remembered the pie charts with 
IR, visible, UV and C&C energy out- 
puts. Could it be that the light is pro- 
ducing an IR level that is affecting the 
set? 

Removal of the light globe con- 
firmed the problem. It was a compact 
fluorescent Philips PLC Electronic 9W 
which had obviously undergone some 
change to its IR level so that it inter- 
fered with the remote sensor receiver 
on the set. 

Interestingly it did not interfere with 
my CD remote or sensor. I enclose the 
offending light which still works and 
would appreciate some feedback if 
you come up with any answers as to 


even more current because of the 
inbuilt “dwell extension". This 
means that the HEI switching tran- 
sistor may overheat and the coil 
itself could overheat to the extent 
that it may be damaged. 

So if you are building any of the 
original circuits, don't use a sports 
coil. On the other hand, if you are 
building the revised version of the 
HEI system, as published in the 
June 1998 issue, the issue of the 
current drain is not important. This 
is because the circuit has inbuilt 
current limiting, set to 5A. How- 
ever, because the current is fixed 
to maximum of 5A, there is still no 
advantage in paying the extra price 
for a sports coil. 

Much the same comment applies 
if you are building the Multi-Spark 
CDI system described in the Sep- 
tember 1997 issue — the amount of 
energy dumped into the primary is 
not affected by the coil's resist- 
ance and therefore there is no ben- 
efit in a sports coil. 


what occurred with the light to make 
it cause the interference. (F. W., Air- 
port West, Vic). 
* Wecanthink oftwo possibilities as 
to why the CFL (compact fluorescent 
lamp) does cause interference. First, 
as the lamp ages and its filaments 
erode and are deposited on the glass 
envelope, its IR output will no doubt 
increase as its visible light falls. 
Secondly, and more importantly, we 
measured the frequency radiated by 
your CFL. It radiates very strongly 
with a fundamental at around 48kHz 
and with harmonics ranging up into 
the shortwave region. We wonder if it 
would pass today's EMC regulations. 


WARNING! 


The 48kHz fundamental is possibly 
strong enough to swamp the IR re- 
mote control receiver directly. Alter- 
natively, it is almost certainly modu- 
lating the IR output of the lamp and 
could be swamping the remote con- 
trol circuits in that way. 

Either way, you've worked out the 
solution — turn off the lamp if you 
want remote control! 


Notes & Errata 


Low-Cost Electric Fence Controller, 
July 1995: a number of readers have 
complained about insufficient HT 
output from this circuit. We have now 
been advised by Dick Smith Electron- 
ics that the resistance of the 250mA 
fuse can be critical in this respect. 
Typical 250mA fast-blo fuses have a 
resistance of 11Q and this will have a 
large effect on the HT output. To avoid 
this problem, we suggest using a 
500mA fuse; typically these have a 
resistance of less than 19. 
Chook Raffle/Random Number Gen- 
erator, April 1998: if this program 
generates a number of less than four 
digits, the previous 4th digit is not 
erased, even though the correct value 
is written into the draw. The follow- 
ing lines will correct this anomaly: 
3260 LOCATE В,С: PRINT FNCEOLS 
3270 FOR AA = 1 TO 4: LOCATE CSRLIN, 
C: PRINT FNCEOLS: NEXT 


Recommendation against 

sports ignition coils 

High Energy Ignition, May 1988; 
Breakerless Ignition, June 1988; High 
Energy Ignition for Reluctor Distribu- 
tors, May 1990: we recommend against 
using sport ignition coils such as the 
commonly available “GT40”. These 
coils draw more current than the origi- 
nal vehicle's coil and may seriously 
overheat. 


SILICON CHIP magazine regularly describes projects which employ a mains power supply or produce high voltage. All such projects 
should be considered dangerous or even lethal if not used safely. Readers are warned that high voltage wiring should be carried out according 
to the instructions in the articles. When working on these projects use extreme care to ensure that you do not accidentally come into contact 
with mains AC voltages or high voltage DC. If you are not confident about working with projects employing mains voltages or other high 
voltages, you are advised not to attempt work on them. Silicon Chip Publications Pty Ltd disclaims any liability for damages should anyone 
be killed or injured while working on a project or circuit described in any issue of SILICON CHIP magazine. Devices or circuits described in 
SILICON CHIP may be covered by patents. SILICON CHIP disclaims any liability for the infringement of such patents by the manufacturing 
or selling of any such equipment. SILICON CHIP also disclaims any liability for projects which are used in such a way as to infringe relevant 


government regulations and by-laws. 


Advertisers are warned that they are responsible for the content of all advertisements and that they must conform to the Trade Practices 
Act 1974 or as subsequently amended and to any governmental regulations which are applicable. 
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12/98 91 Electric Fence Controller, July 
1995 

12/98 91 Chook Raffle, April 1998 

12/98 91 High Energy Ignition, May/ 

June 1998, May 1990 
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Cash in your surplus gear. Advertise it here in Silicon Chip. 


FOR SALE 


SPEAKERWORKS: specialist in 
speaker repairs and parts. DIY refoam 
kits: 316", 4", 5", 6", 7", 8", 9", 10", 
11", 12" and 15" $39.95. Includes 
shims, dustcaps and adhesive. Larg- 
est inventory of cones, surrounds, 
gaskets, spiders, dustcaps, grilles, 
foam and cloth and 4,700 custom voice 
Coils. Phone 02 9420 8121, Fax 9420 
8131. 


to (02) 9979 6503. 


CLASSIFIED ADVERTISING RATES 


Advertising rates for this page: Classified ads: $10.00 for up to 12 words plus 50 
cents for each additional word. Display ads (casual rate): $25 per column 
centimetre (Max. 10cm). Closing date: five weeks prior to month of sale. 

To run your classified ad, print it clearly in the space below or on a separate 
sheet of paper, fill out the form & send it with your cheque or credit card details 
to: Silicon Chip Classifieds, PO Box 139, Collaroy, NSW 2097. Or fax the details 


TELEPHONE EXCHANGE SIMULA- 
TOR, SC February 1998. Test equip- 
ment without the cost of telephone 
lines. $190. MAGNETIC CARD 
READER, SC January 1996. Holds up 
to 8 cards. Use as a door lock. $65. 
Melbourne 9806 0110. 


HOMEBUILT DYNAMO, engineering 
dreams into reality. "An absolutely 
marvellous book for the true ex- 
perimentalist" Elektor Electronics. 
(www.onekw.co.nz) 


O Bankcard О Visa Card 


Enclosed is my cheque/money order for $ 


or please debit my 


O Master Card 


Card No. 


Signature 


Card expiry date J. 


Name 


PICTUTOR: Programmer board + 32 
tutorials for PIC84. Other models avail- 
able. E.S.T. (02) 9789 3616. Fax (02) 
9718 4762. 


RAIN BRAIN AND DIGI-TEMP KITS: 
8 station sprinkler controllers, 60 chan- 
nel temp monitor uses DS1820s over 
500 metres. Has PC Data logging. 
Mantis Micro Products, 
http://www.home.aone.net.au/mantismp 


RECHARGABLE BATTERIES: NICAD, 
NIMH, individual cells, custom built 
packs. Mobile phone and video batter- 
ies, visit our web site: 
http://pbhsales.mtx.net 

Email: pbhsales @ dove.net.au 
Telephone (08) 8541 2844; Fax (08) 
8541 2833. 


C COMPILERS: everything you need 
to develop C and ASM software for 
68HCO8, 6809, 68HC11, 68HC12, 
68HC16, 8051/52, 8080/85, 8086 or 
8096: $145.00 each. Macro Cross As- 
semblers and Disassemblers for above. 
CPUs + 6800/01/03/05, 6502 and 
68HC12 now combined at the new low 
price of $75. Debug monitors: $75 for 
6 CPUs. All compilers, XASMs and 
monitors: $480. 8051/52 Simulator 
(fast, now incl. 80C320): $75. Try the 
C-FLEA Virtual Machine for small 
CPUS, build а “C-Stamp”. Demo desk: 
FREE. All prices + $5 p&p. Atmel 
Flash CPU Programmer: Handles the 
89Cx051, the 89C5x and 89Sxx se- 
ries, and the new AVRs in both DIP 
and PLCC44. Also does most 8-pin 
EEPROMs. Includes socket for serial 
ISP cable. $199, $37 tax, $10 p&p. 
SOIC adaptors: 20-pin $90, 14-pin $85, 
8-pin $80. Credit cards accepted. 
GRANTRONICS PTY LTD, PO Box 
275, Wentworthville 2145. Ph (02) 9896 
7150 or Internet: 
http://www.grantronics.com.au 


Street 


Suburb/town 


Postcode. 


r—— 
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A NEW address for Acetronics 
http://www.acetronics.com.au 
On-line PCB quotes, free software, 
DIY PCB supplies plus many other 
items & services. 02 9743 9235. 


VIDEO SURVEILLANCE EQUIP- 
MENT. SPECIALS: 380 x 0.2 SILI- 
CON CCD MODULES only $59! COM- 
PLETE PACKAGED CCTV SETS see 
page 31 EA Feb 98 only $249! DOME 
HOUSINGS only $5! 50 LED DIY In- 
fra-Red Illuminators only $19! MOD- 
ULES: PREMIUM 400 + Line x 0.05 
Lux SONY H.A.D. CCD & CHIPSET 
from $91. CAMERAS: mini 36 x 36 
from $88. Dome from $91. DIGITAL 
COLOUR CAMERS & MODULES: 400 
* Line from $180! DOME from $185! 
600 + Line from $346! ACCESSO- 
RIES: 30 + Lenses, Infra-Red Illumi- 
nator Kits, IR LEDs, Polarising, Col- 
our, Infra-Red, Temperature Conver- 
sion, Cut & Pass Filters for Image 
Enhancement, Exposure, Colour Cor- 
tection, Focus & Glare Control. AN- 
CILLARY EQUIPMENT: Quads 4 pix 
1 screen from $280. SWITCHERS 4 & 
8 Ch from $126. MULTIPLEXERS 
FULL-SCREEN FULL-RESOLUTION 
VCR Recording/Playback from $826. 
ALSO: Monitors, Outdoor Housings, 
Brackets, Dummy Cams, CCTV-TV/ 
VCR I/F Modules, Motorised Pan 
Units, etc. CCTV-TV/VCR Modulator/ 
Mixer/Amplifier Modules from $14. 
PACKAGED SETS! QUAD + 4 CAM- 
ERAS + Power Supplies from $689. 
400 + Page CCTV Technical Refer- 
ence Manual $95 or FREE! 2 Year 
WARRANTY available for most items! 
DISCOUNTS: based on ORDER 
VALUE, BUYING HISTORY, for CASH/ 
CHEQUE & NEW ZEALAND BUY- 
ERS! BEFORE you BUY Ask for our 
Illustrated Catalogue/Price List with 
Application Notes. Allthings Sales & 
Services 08 9349 9413 Fax 08 9344 
5905. 


SOLAR PANELS: Buy by mail and 
save! 75 watt from $590.00, unbreak- 
able s/steel 64 watt $555.00. Largest 
manufactured: 120 watt $995.00, flex- 
ible 32 watt $475.00. Limited stock 22 
watt $195.00. All other sizes avail- 
able, top brands, lowest prices. 
INVERTERS: budget inverters from 
$110.00 (12V 140W). High quality pure 
Sine wave inverters from $390.00. Call 
with your requirements. TASMAN 
ENERGY Free call 1800 226626. 


ELECTRONIC ENGINEERING SERV- 
ICES: digital & analog, embedded & 
Windows/PC based designs, complete 
solutions or design advice/assistance. 
Phone 03 9807 9886. 

Email caddy G netspace.net.au 


29 years technical experience: Inexpensive: Superb quali. 


Printed Electronics, 12A Aristoc Rd, 
Glen Waverley, Vic 3150. 
Phone: (03) 9545 3722; Fax: (03) 9545 3561 
Call Mike Lynch and check us out! 

We are the best for low cost, small runs. 


PO Box 314 Blac 
Phifax 08: 


KITS-R-U 


H 
g 
8 


SPECIAL STEAM 
BOAT KITS $14 


ROBOTIC KITS and interface units for 
computers. See silicon chip May 98 editorial 
or see web for pictures and free software: 


http://www. tpgi.com.aw/users/p8king/ 
PROCON TECHNOLOGY 


Ph: (03) 98075660 Fax: (03) 98078220 
email: procon@tpgi.com.au_Kits from $295 


Positions At Jaycar 
We are often looking for enthusi- 
astic staff for positions in our 
retail stores and head office at 
Rhodes in Sydney. A genuine 
interest in electronics is a ne- 
cessity. Phone 02 9743 5222 for 
current vacancies. 


AMATEUR, CB RADIO & other Con- 
sumer Electronics Trading Centre can 
be found at www.mackay.net.au/-ajl 


WEATHER STATIONS: Windspeed & 
direction, inside temperature, outside 
temperature & windchill. Records highs 
& lows with time and date as they 
occur. $420.00 complete plus sales 
tax if applicable. Optional rainfall and 
PC interface. Used by Government 
Departments, farmers, pilots, and 
weather enthusiasts. Other models 
with barometric pressure, humidity, 
dew point, solar radiation, UV, leaf 
wetness, etc., etc. Just phone, fax or 
write for our FREE catalogue and price 
list. Solar Flair/Ecowatch ph: (03) 5968 
4863 fax: (03) 5968 5810, PO Box 18, 
Emerald, Vic., 3782. ACN 006 399 
480. 


RTN Australia Parallax distributor: 
Basic Stamps, SXKey development 
tools and SX chips. Wireless RF mod- 
ules, serial LCD modules, Basic 
Stamp Bug, etc, etc. FerretTronics 
>R/C servo control chips. NEW: 
HandyScope 2 from Europe, 2 chan- 
nel/12 bit portable measuring instru- 
ment, its a voltmeter, digital storage 
CRO, transient recorder and spectrum 
analyser. All in a very small box pow- 


Robot Kits 


arms 


www.robotOz.com.au 
Ph: (08) 9246-1573 
Fax: (08) 9246-1563 


email: ki 


ered off a parallel port. DOS and Win- 
dows software provided. Ph/Fax (03) 
9338-3306. 

email: nollet@mail.enternet.com.au 
http://people.enternet.com.au/~nollet 


1A LASER DIODE Driver, 3W head 
laser power monitor, IR laser diode 
with housing, greatly reduced price, e- 
mail Imatthee @perthpcug.org.au for 
details and pictures. 


PCBS MADE, ONE OR MANY. Low 
prices, hobbyists welcome. Sesame 
Electronics (02) 9554 9760 

sesame @internetezy.com.au http:// 
members.tripod.com/~sesame_elec 


KIT ASSEMBLY 
— 
ANY KITS assembled/calibrated: pro- 
fessional, speedy service. Phone Nev- 
ille Walker (07) 3857 2752. 
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14 Model Railway Projects 


MODEL 


Our stocks of this book are now lim- 
ited. All we have left are newsagents’ 
returns which means that they may be 
slightly shop soiled or have minor cover 
blemishes. Otherwise, they're undam- 
aged and in good condition. 


SPECIAL CLEARANCE PRICE: 
$3.95 + $3 P&P (Aust. & NZ) 


This book will not be reprinted 


Yes! Please send me copies of 14 Model Railway Projects at the special 
price of $A3.95 + $A3 p&p (p&p outside Aust. & NZ $A6). Enclosed is my 
cheque/money order for SA. or please debit my 


0 Visa Card 0 MasterCard 


[Г] Bankcard 


Card No. 


Signature. Card expiry date. 


Name 


PLEASE PRINT 
Street 


Suburb/town Postcode. 


Send your order to: SILICON CHIP, PO Box 139, Collaroy, NSW 2097; or fax your 
order to (02) 9979 6503; or ring (02) 9979 5644 and quote your credit card 
number (Bankcard, Visa Card or MasterCard). 


SYDNEY ж 
OUTDOOR 


HELP SAVE THE NIGHT SKY! 


We are losing our heritage of starry night skies. Poor, inefficient RYSIA] 
outdoor lighting is causing glare and "light pollution”. This wastes 0 
energy and increases greenhouse gas emissions. 

You can help by joining SYDNEY OUTDOOR LIGHTING IMPROVE- 

MENT SOCIETY (SOLIS). SOLIS aims to educate and inform about 

quality outdoor lighting and its benefits. We also lobby councils, 
government and other bodies to promote good lighting practice. SOLIS meet- 
ings are held third Monday night of each month at Sydney Observatory. 


Individual membership is $20 pa. Donations are also welcome. Cheques 
payable to “SOLIS c/- NSAS", PO Box 214, West Ryde 2114. 


Email: tpeters @ pip.elm.mq.edu.au 


SILICON CHIP 
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Altronics ..... 


Bainbridge Technologies .......... 22 


Dick Smith Electronics ... 
ЛЕС, ОВС, 10- 13 


Harbuch Electronics ... 


Instant PCBs .... 


Jaycar .... 


Kalex... 


Kits-R-Us. 


Microgram Computers... 


Printed Electronics... 


Procon Technology ..... 


Quest Electronics .... 


Scan Audio ... 


Silicon Chip Back Issues .....38-39 


Silicon Chip Bookshop ... 
Silicon Chip Subscriptions ....... 53 
Silicon Chip Binders/Wallchart. 85 


Solar Flair/Ecowatch ... s. 95, 


Solis .... 96 


Taig Machinery .... 


Truscott's Electronic World... 


Valve Electronics .... 


World Of Robotics ... 
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PC Boards 


Printed circuit boards for SILICON 
CHIP projects are made by: 


e RCS Radio Pty Ltd, 651 Forest 
Rd, Bexley, NSW 2207. Phone (02) 
9587 3491. 

= Marday Services, PO Box 19-189, 
Avondale, Auckland, NZ. Phone 
(09) 828 5730. 


ACTOR. 
CUSHION IS HERE 


sensation amongst serious video & PC game players. (f is 
simply perfect for intimate tactile ы of any action game. 
The new Seat Cushion Aura Interactor adds a new dimension i 
Tb not only games but Home Cinema and Hi Fi. This attractive, ү] 
modern styled cushion sits behind your back when you are seated 
on your favourite lounge chair. No Straps! You simply sit back 
against it and experience the realy deep bass, AG 
explosions, kicks, punches, car crashes efe To add 
even greater dimensions to Home Theatre or Hi Fi listening! 
The Interactor Cushion can be used with almost any PC / Mac, 
(оле Theatre System / TV, CD player or video and is supplied with all the necessary components 
(including power Supply) to connect it To just about any system. 


ÉERRCTÓR BACKPACK POWER SUPPLY BARGAIN 


The Interactor Backpack (5 stil as popular as ever and is 2 This plagpack Transformer gies _ 
great Xmas present for the serious video gamer. We have all 2x IL 5VAC @/254. This is 
the necessary connections to suit the new console games so | deal fora = 12V 125A power 
you can enjoy the Interactor Backpack E supply. A Hk at ony #995 


with your N64 | Playstation as well as PC. 


Power supply included. Cut. X¢-1000 
AURA SHAKER MOTOR ASSEMBLY «te dce tiat ters tte =) 


Cat. MP-3055 


low frequency information into The small of your back. (f operates like a loud speaker in that it has a voice coil and 

magnet, but it doesn’t have a cone. In its place is a heavy steel mass that transmits the jolt by the inertia of the mass. 

These units are very similar to those fitted in some realy up-market movie theatres. Great Tor experimenters. 

Specifications Tor the Subsonic Actuator: Operating Frequency: Subsonic, Max farce: 20 toot pounds, Nominal Force: 0.5 cat. xc-1008 
toot pounds per watt *Rated power: 18 watts continuous RMS. *Dimensions: 250W)x300H)mm Weight: 1.5kgs $24 .95 


ЕШ ww w.jaycar.com.au 


[ЧЧ °С 7221's right from Dec /, WWW.jaycar.com.au wilofficialjy be on-line for 24 hour 
shopping and technical information - 7 days a week! Visit our new web site tor our latest range of new products, an 
online catalogue plus our latest monthly specials (with a few other goodies you won't tind anywhere else!). We will also 
бе including a product showcase for sneak previews of new products, data as well as other technical information (this 
will grow fo include specitications on all Jaycar products), kit constructor s department for the latest ground breaking 
news on kits - and more! Our site will continue to evoke, so drop in and check us out. 


Y ауга r MAIL ORDER FREE POST ТО: Reply Paid 72. Jaycar Mail Orders. PO Box 185 Concord NSW 2137 


ELECTRONICS FREE CALL FOR ORDERS: 1800 022 888 «ENQUIRY HOTLINE: (02) 9743 6144 FAX: (02) 9743 2066 
SYDNEY CITY #129 York St ePi: ASPLEY QLD ©1322 Gympie Rd ePh: (07) 3863 
BANKSTOWN — 363 Hume Hwy (Cn S BURANDA QLD — «144 Logon Rd ePh: (07) 3393 0777 
GORE HILL #188 Pod ( 9 ADELAIDESA — e ight St (Cnr. Selby St) ePh: (08) 8231 7355 
PARRAMATTA 5 CANBERRA ACT Kembla St. Fyshwick Ph: (02) 6239 1801 
PENRITH MELBOURNE CITY 03) 

RHODES COBURG VIC 
enduality NEWCASTLE SPRINGVALE VIC 
PERTH HOBART 


Company 


WHOLESALE «PHONE: (02) 9743 5222 ORDERS: 1800 620 169 «FAX: (02) 9743 3070 «ORDER FREEFAX 1800 810 137 


HEAD OFFICE 8-10 LEEDS ST RHODES 2138 ePHONE: (02) 9743 5222 «FAX: (02) 9743 2066 Ен 


Bits and pieces compartment box Long-range 
55MHz FM 


Great for storing small products within the 15 dividable transceiver 
compartment. This modular system allows you to i Handheld or handsfree: 
expand vertically or horizontally operation, clear VHF FM 


$ 95 sound, 300m maximum 
ea range. Includes mini mic. 


and earpiece for 
handsfree operation. 
No licence required. 


56995 


Solar 4-in-1 construction kit 
Make heaps of different designs (an aeroplane, or 
helicopter etc) with this plastic construction kit. Includes 


% 
і 
а motor which is powered Бу a small solar module. YN u“ 
ia 51995 = 


Pocket workshop 
Sturdy fold-up stainless steel pliers with a range of fold-out tools 
Includes leather storage case. 


^ $2450 ~ 


Solar powered AM/FM radio €— 
Excellent for emergency kits, this compact radio hasa f 


built-in FM antenna and can be powered four ways: X 
through solar power, an AC/DC adaptor, AA batteries i 
or a Dynamo generator, $ 2 9 95 

Banjo-Kazooi Totally Totally 


Solar powered radio/torch/siren Unauthorised Unauthorised Unauthorised 


А must for Summer camping trips, this compact torch with radio Guide seed x GoldenEye 
АМ/ЕМ reception, an emergency siren, lashing torch and can в andicoot вол 


be powered through solar energy, an AC adaptor, AA 
batteries or a Dynamo generator. «2 


5-pattern laser pointer 
Great for meetings and presentations. A novel ImW pointer displaying 
either a star, dot, IYU, circle and $ symbol. Up to 50m range indoors, 
with adjustable focus control, Includes batteries. 


= $4695 


3l PHONE: 
MAIL: 


| 


ray CANES 


DECRET 
CODES 


hir 


Nintendo 64 


Oddworld: 
Abe's Unauthorised 
Odyssey N64 Guide 


Secret Codes 
N64 


PO Box 321, North Ryde NSW 1670 
E Please add postage (up to Skg) to your order, as follows: 
| direet link «об ъй), э р St sn ($101 U 


aun | . DICK SMITH 


That's where you go! 


B 3546 


